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Zusammenfassung 
Diese Arbeit behandelt die Synthese von Halbsandwich-Katalysatoren mit 
Übergangsmetallen der vierten Gruppe, die als Liganden 6-[2-(BR2)phenyl]pyrid-2-
ylamido (R = Ethyl, Mesityl) enthalten, deren Anwendung in der Tandem-
Vinylinsertions/Ringöffnungsmetathesepolymerisation sowie detaillierte NMR-Studien 
um die Rolle des Liganden zu beleuchten und wichtige Intermediate während des 
Polymerisationsprozesses zu identifizieren. Die durch Methylaluminoxan (MAO) 
aktivierten Katalysatoren (Zr-2 und Zr-2(CH2SiMe3)2) sind in der Lage Copolymere 
mit Sequenzen sowohl durch ringöffnende Metathesepolymerisation (ROMP) als 
auch durch Vinylinsertionspolymerisation (VIP) in einer einzigen Polymerkette zu 
erzeugen. Diese zyklischen Olefincopolymere bieten die Möglichkeit der 
Funktionalisierung mittels polymeranaloger Umsetzung der im Copolymer 
vorhandenen Doppelbindungen. 
Kapitel 1 beschreibt die generellen Konzepte der VIP und der verwendeten 
Katalysatoren, bei denen es sich um Metallocen-Katalysatoren handelt. 
Anschließend werden die Grundlagen der Olefinmetathese sowie die dazu 
verwendeten Katalysatoren beschrieben. ROMP als eine wichtige Metathesereaktion 
wird im Detail beschrieben, außerdem wird auf die Korrelation zwischen VIP und 
ROMP eingegangen. 
Kapitel 2 konzentriert sich auf die Synthese und Charakterisierung von ansa-
Übergangsmetalldichlorid-Komplexen der vierten Gruppe (Zr-1, Hf-1, Zr-2 und Ti-2) 
und Dialkylzirkonium-Komplexe (Zr-2(CH3)2, Zr-2(Bn)2 und Zr-2(CH2SiMe3)2), deren 
Anwendung in Polymerisationsreaktionen und der Aufklärung des Mechanismus. Die 
Halbsandwich Prä-Katalysatoren wurden durch eine Dimethylsilylgruppe verknüpft 
und enthielten 6-[2-(BR2)phenyl]pyrid-2-ylamido (R = Ethyl, Mesityl) als Liganden 
sowie einen η1- oder η5-gebundenen Liganden. Die Dialkylkomplexe Zr-2(R)2 (R 
=CH3, Benzyl, CH2SiMe3) wurden ausgehend vom Dichlorid Komplex Zr-2 durch 
strukturelle Modifikationen aufgebaut. Durch Aktivierung mit [Ph3C]
+[B(C6F5)4]
- 
konnten aus Zr-2(CH3)2 und Zr-2(Bn)2 in situ quantitativ die kationischen Komplexen 
[Zr-2(CH3)]
+[B(C6F5)4]
- und [Zr-2(Bn)]+[B(C6F5)4]
- erhalten werden, während lediglich 
28 mol-% Umsatz mit Zr-2(CH2SiMe3)2 beobachtet werden konnte. 
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Die temperatur-abhängige N-B-Bindung des Liganden wurde entwickelt um ein 
reversibles Umschalten zwischen VIP und ROMP via α–H Eliminierung/Addition zu 
erreichen. Die Abstraktion des α–H’s der kationischen, VIP-aktiven Spezies wird 
durch das Stickstoffatom der Pyrid-2-yl Gruppe erzeugt wodurch ein ROMP-aktiver 
Alkylidenkatalysator entsteht. Die erneute Addition dieses Protons an das 
Metallalkyliden bildet erneut eine kationische Spezies. Der Borylamin-freie 
Modelkatalysator Zr-3 wurde synthetisiert um die Rolle dieses Liganden zu 
beleuchten. 
Nach Aktivierung mit MAO waren die Dichlorid-Komplexen Zr-1, Hf-1, Zr-2 und Zr-3 
aktiv in der Homopolymerisation von Ethylen (E) wobei hauptsächlich HDPE erhalten 
wurde. Nach Aktivierung mit MAO waren sowohl die Katalysatoren Zr-1, Hf-1 und Zr-
2 als auch die Aluminium freien kationischen Katalysatoren [Zr-2(CH3)]
+, [Zr-2(Bn)]+ 
und [Zr-2(CH2SiMe3)]
+[B(C6F5)4]
- in der Lage ROMP von Norborn-2-ene (NBE) zu 
initiieren. In der Ethylen-Zyklopenten (E-CPE) Copolymerisation zeigten Zr-1 und Zr-
2 erhöhte Aktivität und produzierten poly(E)-co-poly(CPE) mit 1,2-Einheiten 
eingebautem CPE. Mittels der MAO-aktivierten Copolymerisation von E mit NBE 
konnte mittels der Katalysatoren Zr-1, Hf-1, Ti-2 und Zr-3 reines VIP-basiertes 
poly(NBE)-co-poly(E) erhalten werden. Im Gegensatz dazu lieferten Zr-2 und Zr-
2(CH2SiMe3)2/MAO durch einen α-H Eliminations/Additions Prozess Copolymere mit 
sowohl ROMP als auch VIP-basierten poly(NBE)ROMP-co-poly(NBE)VIP-co-poly(E) 
Einheiten. Mit den Katalysatoren Zr-2(CH3)2 und Zr-2(Bn)2 und MAO wurde reines 
VIP-basiertes poly(NBE)-co-poly(E). Die geringe Neigung von Zr-1, Hf-1, Ti-2, Zr-
2(CH3)2 und Zr-2(Bn)2/MAO ROMP von NBE in Anwesenheit von E zu begünstigen 
wird auf die Instabilität des Alkylidens und die hohe Neigung zum Ablauf von 
Kreuzmetathese zurückgeführt. 
Nach Aktivierung mit [Ph3C]
+[B(C6F5)4]
- und AliBu3 zeigten Zr-2(CH3)2, Zr-2(Bn)2 und 
Zr-(CH2SiMe3)2 moderate katalytische Aktivität in der Copolymerisation von E mit 
NBE. Die resultierenden Copolymere enthielten keinerlei ROMP-basiertes poly(NBE). 
Diese Tatsache wurde auf Grundlage der Instabilität des Alkylidens in der 
Anwesenheit von E und dem abschirmenden Effekt des Aluminiumalkyls in der 
ROMP via Koordination der Pyridyl-Einheit im kationische Komplex diskutiert. 
Durch 11B-NMR Messungen der prä-Katalysatoren bei variabler Temperatur in 
Abwesenheit und in Gegenwart von MAO und MAO/NBE konnten tri- und tetra-
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koordinierte Boranspezies identifiziert werden wodurch die Neigung zur Bildung von 
trikoordinierten Boranen mit der Neigung zur Bildung ROMP-basierter Sequenzen im 
Copolymer korreliert werden konnte. Die Neigung der Katalysatoren zwischen VIP 
und ROMP umzuschalten wurde aufgrund ihrer strukturellen Unterschiede diskutiert. 
Detaillierte NMR Studien der Reaktionen von Zr-1, Zr-2 und Hf-1 mit MAO und mit 
MAO/NBE gaben Aufschluss über die Intermediate während des 
Polymerisationsprozesses. 
Der Experimentalteil ist in Kapitel 3 zusammengefasst, welcher sich sowohl mit der 
Synthese und Charakterisierung neuer Verbindungen als auch mit den Bedingungen 
für die Homo- und Copolymerisationsreaktionen befasst. Der Anhang befindet sich in 
Kapitel 4. 
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Abstract 
This work describes the preparation of half-sandwich group 4 transition metal pre-
catalysts bearing the 6-[2-(BR2)phenyl]pyrid-2-ylamido (R = ethyl, mesityl) motif and 
their application in tandem vinyl-insertion-/ring-opening metathesis polymerization as 
well as detailed NMR studies to highlight the role of the motif and to investigate 
relevant intermediates in the polymerization process. Catalysts (Zr-2 and Zr-
2(CH2SiMe3)2) activated by methylalumoxane (MAO) are capable of producing 
copolymers with both ring-opening metathesis polymerization (ROMP)- and vinyl-
insertion polymerization (VIP)-derived sequences within one single polymer chain. 
These cyclic olefin copolymers bear the potential for functionalization through 
polymer-analogous reactions at double bonds present in the copolymers. 
Chapter 1 first covers the general concept of VIP and the utilized catalysts 
represented by metallocene catalysts. Then the fundamentals of olefin metathesis 
and the corresponding catalysts are described. ROMP as an important olefin 
metathesis reaction is discussed in detail. The correlation between VIP and ROMP is 
introduced. 
Chapter 2 concentrates on the synthesis and characterization of ansa-type group 4 
transition metal dichloride complexes (Zr-1, Hf-1, Zr-2 and Ti-2) and dialkylzirconium 
complexes (Zr-2(CH3)2, Zr-2(Bn)2 and Zr-2(CH2SiMe3)2) and their application in 
polymerization reactions as well as on the mechanistic exploration. The half-
sandwich pre-catalysts were all bridged by a dimethylsilylene group and contained 
the 6-[2-(BR2)phenyl]pyrid-2-ylamido (R = ethyl, mesityl) motif as well as an η
1- or η5-
bound ligand. The dialkyl complexes Zr-2(R)2 (R =CH3, benzyl, CH2SiMe3) were 
based on structural modifications of the dichloro complex Zr-2. Upon activation with 
[Ph3C]
+[B(C6F5)4]
-, both the neutral complexes Zr-2(CH3)2 and Zr-2(Bn)2 were 
quantitatively converted in situ into the cationic complexes [Zr-2(CH3)]
+[B(C6F5)4]
- 
and [Zr-2(Bn)]+[B(C6F5)4]
-, while only 28 mol-% conversion was observed with Zr-
2(CH2SiMe3)2. 
The temperature-dependent N-B bond in the motif was designed to obtain a 
reversible switch between VIP and ROMP via an α–H elimination/addition process. 
The abstraction of the α–H from a cationic VIP-active catalyst induced by the nitrogen 
at the pyrid-2-yl moiety creates a ROMP-active alkylidene catalyst. The re-addition of 
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this proton to the metal alkylidene builds a cationic species again. The borylamine-
free model catalyst Zr-3 was also synthesized in order to elucidate the role of the 
motif. 
Upon activation with MAO, the dichloro complexes Zr-1, Hf-1, Zr-2 and Zr-3, were 
capable of homopolymerizing ethylene (E) and yielding mainly HDPE. Zr-1, Hf-1 and 
Zr-2 upon activation with MAO and the aluminum-free cationic catalysts [Zr-2(CH3)]
+, 
[Zr-2(Bn)]+ and [Zr-2(CH2SiMe3)]
+[B(C6F5)4]
- were able to initiate ROMP of norborn-
2-ene (NBE). In ethylene-cyclopentene (E-CPE) copolymerization, Zr-1 and Zr-2 
displayed enhanced activities and produced poly(E)-co-poly(CPE) with 1,2-
incorporated CPE. In the MAO-activated copolymerization of E with NBE, pure VIP-
derived poly(NBE)-co-poly(E) was obtained by Zr-1, Hf-1, Ti-2 and Zr-3. By contrast, 
Zr-2 yielded copolymers containing both ROMP- and VIP-derived poly(NBE)ROMP-co-
poly(NBE)VIP-co-poly(E) units via an α–H elimination/addition process. Similarly, Zr-
2(CH2SiMe3)2/MAO synthesized poly(NBE)ROMP-co-poly(NBE)VIP-co-poly(E)-based 
copolymers. By contrast, Zr-2(CH3)2 and Zr-2(Bn)2/MAO produced pure VIP-derived 
poly(NBE)-co-poly(E). The low propensity of Zr-1, Hf-1, Ti-2, Zr-2(CH3)2 and Zr-
2(Bn)2/MAO to promote ROMP of NBE in the presence of E is attributed to the 
instability of the alkylidenes and their high propensity to undergo cross metathesis 
with E.  
Upon activation with [Ph3C]
+[B(C6F5)4]
- and AliBu3, Zr-2(CH3)2, Zr-2(Bn)2 and Zr-
2(CH2SiMe3)2 exhibited moderate catalytic activity in the copolymerization of E with 
NBE. The resulting copolymers did not contain any ROMP-derived poly(NBE). These 
findings were discussed on the basis of the instability of the alkylidenes in the 
presence of E and the blocking effect of aluminum alkyls on ROMP via coordination 
to the pyridyl-moiety in the cationic complexes. 
Variable-temperature 11B NMR measurements of pre-catalysts in the absence and in 
the presence of MAO and MAO/NBE allowed for identifying tri- and tetra-coordinated 
borane species and allowed for correlating the propensity to form tricoordinated 
borane with the propensity to generate ROMP-derived sequences in the copolymers. 
The propensity of catalysts to switch between VIP and ROMP was discussed on the 
basis of their structural differences. Detailed NMR studies of the reactions of Zr-1, Zr-
2 and Hf-1 with MAO and with MAO/NBE shed more light on relevant intermediates 
in the polymerization process.  
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The experimental section is summarized in Chapter 3 which focuses on the synthesis 
and characterization of new compounds as well as on the homo-/co-polymerization 
reaction conditions. The appendix is enclosed in Chapter 4.  
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Aim 
Polyolefins represent the majority of plastics and permeate almost every aspect of 
our daily life. Polyolefins produced by homogeneous metallocene catalysts are one of 
the most fascinating academic areas. Tremendous advances in metallocenes and 
metallocene-based polymeric materials have been achieved in the last decades. 
Additionally, olefin metathesis is one of the most useful techniques in organic and 
polymer synthesis. 
Metallocene catalysts produce saturated polymers through an insertion mechanism. 
In spite of many advantages of vinyl-insertion polymerization (VIP)-derived polymers, 
their poor solubility in common organic solvents and high melting points prevent 
further modification and thus restrict their extensive use in industry. In contrast, ring-
opening metathesis polymerization (ROMP) of cyclic olefins generates unsaturated 
polymers and introduces a considerable amount of carbon-carbon double bonds in 
the polymer backbone. However, the instability of ROMP-derived polymers owing to 
the presence of the double bonds in the main chain as well as the low activity of 
ROMP initiators limits their wide use.  
In fact, there is a correlation between a VIP catalyst and a ROMP catalyst. An 
irreversible single switch between a cationic VIP-active catalyst and a metal 
alkylidene ROMP-active catalyst via an α–H elimination/addition was already 
observed in the early days. A single switch either from VIP to ROMP or from ROMP 
to VIP can be induced via the addition of reactants (phenylacetylene or alcohol) to 
interrupt the polymerization process. Considering that the catalytic system used for 
the switch is in general highly sensitive to traces of impurities and polymerization 
reactions are rapid, it would be more desirable to obtain a reversible switch through 
intraconversion in the catalyst instead of unidirectional transformation by external 
reagents. If the reversible switch is available, this would lead to the synthesis of (co-
)polymers with multiple saturated and unsaturated repeat units within the same 
polymer backbone. These (co-)polymers bear the potential for further 
functionalization through polymer-analogous reactions at the double bonds and 
introduction of side-chain functionalities. Since the copolymerizations of α-olefins and 
polar monomers are generally restrained by the deactivation of functional groups 
toward to transition metal catalysts in spite of the improved functional-group 
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tolerance as well as the low reactivity, this approach would offer an alternative to the 
copolymerizations of α-olefins with functional monomers such as acrylate. 
In terms of the synthesis of novel polymers, the ligand system at group 4 transition-
metals was designed in a way that it can switch from VIP to ROMP via abstraction of 
the α-H from the growing polymer chain by the nitrogen at the pyrid-2-yl moiety. This 
proton can then in principle re-add to the metal alkylidene to create a cationic species 
again. The α–H elimination/addition process is controlled by the temperature-
dependent dissociation propensity of the N-B bond where the boryl group and α–H at 
the growing polymer chain compete for the lone pair of the pridyl group. It appears 
desirable to tailor the dissociation temperature of the N-B bond either by increasing 
the sterics or increasing the electron density at the boron. In addition, fluorenyl-based 
metal complexes have a strong impact on polymerization activity and on the 
stereoselectivity of the resulting polymers.  
With these issues in mind, half-sandwich group 4 transition-metal complexes 
containing the 6-[2-(diethylboryl)phenyl]pyrid-2-ylamido or the 6-[2-
(dimesitylboryl)phenyl]pyrid-2-ylamido motif and a fluorenyl or 
tetramethylcyclopentadienyl ligand, all bridged by a dimethylsilylene group, were 
prepared in order to examine their polymerization behavior in potentially new polymer 
structures. 
Furthermore, introduction of alkyl substituents instead of halides has a significant 
impact on the reactivity of group 4 initiators and on both catalytic activity and polymer 
properties. Therefore, structural modifications on the dichloro-complexes through the 
replacement of dichlorides by dialkyl groups were carried out following with their 
polymerization performance compared to that of dichloro-metal complexes.  
Consequently, the objective of the research was to develop novel catalysts using the 
tailored ligand system and to achieve a reversible switch between VIP and ROMP to 
provide multi-block copolymers containing both VIP- and ROMP-derived sequences 
within the same polymer chain. 
Another objective was to elucidate the mechanism for the switch between VIP and 
ROMP, i.e. α–H elimination/addition process, with respect to the structures of the 
resulting block copolymers. Detailed 1H and 11B NMR measurements were adopted 
to investigate the intermediates in the cascade reactions. 
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1.1 A Brief Introduction to Polyolefins 
Polyolefins, e.g., polyethylene (PE) and polypropylene (PP), comprise only 
hydrogens and carbons and are produced by (co-)polymerizing simple olefins.[1] Due 
to their excellent properties,[2-3] namely light-weight, high mechanical strength, 
remarkable flexibility, processability and chemical inertness as well as low cost and 
outstanding recyclability, polyolefins find intensive applications in our daily life[3] in 
packing, vehicles, fibers, rubbers and medical supplies, etc. The global consumption 
and production of polyolefins has grown significantly in the past decades occupying 
the majority of plastics; the demand for polyolefins in the future is expected to 
increase continuously.  
 
Table 1.1 Main types of polyethylene.[4-5] 
Name 
Density  
(g/cm3) 
Microstructural 
Characterization 
Catalysts 
LDPE 0.910-0.940 
high degree of short- and 
long-chain branching 
radicals 
LLDPE 0.915-0.925 
high degree of short-chain 
branching 
 Ziegler-Natta or 
Philips catalyst 
HDPE        ≥ 0.941 low degree of branching 
Ziegler-Natta or 
metallocene catalyst 
 
Polyethylene (PE) is the largest volume polyolefin. Over 80 million metric tons were 
produced worldwide in 2014 and the annual growth rate of the demand is estimated 
to be 4 percent as reported by the industry study of world polyethylene.[6] PE is 
classified into different categories mainly based on its density and microstructure. 
The three major types of PE[4-5] are low-density polyethylene (LDPE), linear low-
density polyethylene (LLDPE) and high-density polyethylene (HDPE) (Table 1.1). 
HDPE is predominantly linear with a low degree of branching (short- or long-chain 
branches); LLDPE contains significant numbers of short-chain branches while LDPE 
has a high amount of short- and long-chain branches (Figure 1.1). Intermolecular 
forces between polymer chains are weak in LLDPE and LDPE owing to the presence 
of numerous short-chain branches, which results in lower density and reduced 
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strength compared to HDPE. The branched structure of PE together with the 
molecular weight and polydispersity index (PDI) has a strong influence on polymer 
properties.[7-10] Short-chain branches mainly affect mechanical and thermal 
properties[11-13] (e.g., hardness and glass-transition temperature), while long-chain 
branches have a significant impact on the rheological behavior[14-15] (e.g., viscosity). 
The length and the amount of branches in PE depend on the polymerization 
conditions (pressure and temperature, etc.) and particularly on the catalysts used in 
the polymerization. With single-site catalysts,[16-19] short-chain branches mainly result 
from intramolecular chain transfer or the addition of α–olefin as a comonomer while 
long-chain branches stem from intermolecular chain transfer.  
 
 
Figure 1.1 Structures of LDPE, LLDPE and HDPE.[4-5] 
 
 
Figure 1.2 Regular polypropylene structures.[1] 
 
Polypropylene (PP) is another abundant thermoplastic material and has enormous 
commercial impact due to its favorable properties, such as low density and high 
tensile strength, etc.[20-21] The polymerization of the prochiral monomer results in 
different stereostructures of polypropylene (i.e. isotactic, syndiotactic, atactic, etc.) 
(Figure 1.2) which are of significant interest to academic research and applications. 
Amongst them, isotactic PP[22] with all methyl groups placed on the same side of the 
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polymer backbone has high crystallinity and is of high importance because of its 
relatively high melting point (ca. 170 ºC) and easy accessibility.[23-24]  
The major part of commercial polyolefins is in general produced by heterogeneous 
Ziegler-Natta catalysts, e.g., MgCl2-supported TiCl4 in combination with an 
organoaluminum compound as a cocatalyst.[25] Besides remarkable activity in α-olefin 
polymerization at comparatively low pressure and low temperature, heterogeneous 
Ziegler-Natta catalysts exhibit high stereoregularity in propylene polymerization, 
especially isotactic PP.[25] The synthesis of HDPE and isotactic PP by heterogeneous 
Ziegler-Natta catalysts started a new catalytic era and in 1963 Karl Ziegler and Giulio 
Natta won the Nobel Prize in Chemistry. Since the initial contribution of Ziegler-Natta 
catalysts, tremendous advances in academic and industrial research have been 
obtained.[21,26-27] In addition, Phillips catalysts (silica-supported chromium oxide)[28-29] 
are continuously attracting wide attention and produce 40-50% of polyethylene 
worldwide. Although classical heterogeneous catalysts have great advantages of 
stability, activity and stereochemical control, the disadvantages of insufficiently 
characterized active sites (multiple sites) impede detailed mechanistic and kinetic 
studies.  
The development of homogeneous catalysts represented by metallocenes,[30-31] 
which in general are single-site catalysts, is proved to be valuable in the 
identifications of reaction intermediates (single site) and the polymerization 
mechanism. Additionally, the high control of homogeneous catalysts over the 
properties of the resultant polymers in terms of tailored microstructure, high 
molecular weight and narrow polydispersity index (PDI) initiated intensive 
investigations. 
 
1.2 Metallocenes 
In metallocene catalysts, typically group 4 metallocenes (Figure 1.3), one or two 
cyclopentadienyl (Cp) or substituted cyclopentadienyl rings are bound to the metal 
center through -bonding leading to a sandwich or half-sandwich structure.[32] 
Consequently, single-site catalysts possess a constrained structure allowing for the 
preparation of polymers with efficiently controlled regio- and stereoregularity. The 
diversity of metallocenes particularly comes from variations of the substituents on the 
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Cp rings, the bridging groups and the ligands at the metal.[31] A large number of 
metallocenes contributes to a large number of the polymers that are inaccessible by 
classical heterogeneous catalysts.[33] 
In contrast to bis(cyclopentadienyl) complexes (Cp2MX2), the monocyclopentadienyl-
amido (CpA) metal catalysts, known as constrained geometry catalysts-CGCs)[34-38] 
(Figure 1.3), have a more open coordination site and a higher electrophilic metal 
center, thus allowing for better comonomer incorporation, especially for bulky α-
olefins, and high productivity. Additionally, their thermal stability and diversity attract 
increasing attention. 
 
 
Figure 1.3 Strucutures of metallocenes. 
 
Titanocene or zirconocene dichloride compounds (Cp2MCl2, M = Ti, Zr) with an 
aluminum co-catalyst, e.g., AlEt3 or AlEt2Cl, exhibited poor activity in ethylene 
polymerization and were incapable of polymerizing other α-olefins, which restrained 
the use of metallocenes for nearly two decades from 1953.[39] The discovery of 
methylalumoxane (MAO) by Sinn and Kaminsky in 1980[40] was a great step forward, 
which in combination with metallocenes dramatically improved catalytic activity. MAO 
with the general formula [-Al(CH3)O-]n (n = 5-20) is a partial hydrolysis product of 
trimethylaluminum (AlMe3).
[26,41] The exact structure of MAO is still unclear in spite of 
numerous investigations probably as a result of multiple dynamic equilibria between 
MAO and AlMe3. The suggested structures in literature
[42-47] are linear chains, rings, 
cages (Figure 1.4) or nanotubular structures. The accepted main functions of 
MAO[48-50] in metallocene-based catalysis are 1) alkylation of the metal chlorides by 
ligand exchange to create a reactive alkyl compound, 2) abstraction of one alkyl or 
one chloride group to generate an active cation and a free coordination site for the 
olefin (Scheme 1.1), 3) stablization of the electron-deficient cation as a [Me-MAO]- or 
[Cl-MAO]- anion, and 4) scavenging impurities in solvents and gas. The dormant 
intermediate species in the polymerization process in the presence of high 
concentration of MAO is postulated to be the cation and MAO adduct,[43,51-52] (Figure 
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1.5) which dissociates by the approach of an alkene to provide a vacant position 
required for the monomer coordination. The dissociation of the adduct is considered 
to be the rate-limiting step in the polymerization. 
 
 
Figure 1.4 Proposed structures of methylalumoxane (MAO).[42-46] 
 
 
Scheme 1.1 Plausible mechanism for the activation process in MAO-activated 
metallocene catalysis.[48-49] 
 
 
Figure 1.5 Proposed dormant intermediate in MAO-activated metallocene 
catalysis.[43,50-52] 
 
Regardless of the dramatic increase in polymerization activity with MAO activation, 
the extraordinary excess ratio of MAO to precursors (102-104:1)[41] as well as the poor 
structural characterization of MAO prevents any in-depth study on the nature and 
isolation of catalytically active intermediates. Therefore, the development of MAO-
free homogeneous single-site initiators is of great value to provide strong evidence 
for the identification of the active species. 
Extensive research on the preparation of alkyl metal complexes through the 
replacement of chlorides by alkyl groups and subsequent polymerization in the 
absence of MAO were carried out.[53-55] The analogous boranes and borates[41] such 
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as pentafluoroaryl borane B(C6F5)3, ammonium borate [HNMe2Ph]
+[B(C6F5)4]
- and 
trityl borate [Ph3C]
+[B(C6F5)4]
- are the most often used activators for alkyl complexes, 
which immediately afford monoalkyl cations in 1:1 stoichiometric ratio. Although the 
monoalkyl cations are considered to be the truly catalytic active sites, most of the 
cationic complexes turned out to be inert for polymerizing α-olefins, which is probably 
attributed to the blocking effect of the solvent and the high sensitivity of cations to 
traces of water and oxygen in the solvent or the introduced gas. Alkyl aluminum 
compounds, e.g., AlEt3 or Al
iBu3, are required in most cases to scavenge these 
impurities.[39] 
 
1.3 Mechanism of Homogeneous Olefin Polymerization 
The catalytic olefin polymerization process[23,31] consists of initiation, chain 
propagation and chain release. MAO is the most common and active co-catalyst in 
homogeneous olefin polymerization, the activation process of the pre-catalysts by 
MAO is shown in Scheme 1.1.[48-50] 
 
1.3.1 Chain Propagation 
The most widely accepted mechanisms of chain propagation in metallocene-
catalyzed olefin polymerization[23,56-57] are shown in Scheme 1.2. In the Cossee-
Arlman mechanism, an olefin coordinates to the vacant site at the metal center 
bearing a growing polymer chain with the following formation of the 
metallacyclobutane. Subsequent insertion of the alkene into the metal-carbon bond is 
accompanied by the provision of a new vacant site. Interestingly, in propylene 
polymerization catalyzed by C2-symmetric chiral metallocenes, which allow for the 
synthesis of isotactic PP, the isoselective propagation is generally ascribed to 
enantiomorphic site control in which enantioselective reaction sites on the metal are 
equivalent and prefer the same enantioface of the prochiral monomer.[58-59] In the 
modified Green-Rooney mechanism, α-agostic interactions between the cationic 
metal and the α-H in the growing polymer chain is involved in both the ground and 
transition state and is capable of stabilizing the electron-deficient metal. A vacant 
coordination site for the incoming monomer and olefin coordination to the active 
center are required in both the Cossee-Arlmann and Green-Rooney mechanisms. 
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Scheme 1.2 Cossee-Arlman and modified Green-Rooney mechanism for olefin 
insertion.[23,56-57] 
 
1.3.2 Chain Release 
Chain release reactions in olefin polymerization have a strong influence on molecular 
weight, polydispersity index, the architecture of the resulting polymers and on 
productivity. The important chain release mechanisms[16,23,60-63] are β-hydride transfer 
to the metal and the monomer, β-methyl transfer to the metal and chain transfer to 
the aluminum compound (co-catalyst) or H2 (Scheme 1.3). Despite the fact that the 
terminal groups (vinylidene) in the resulting polymers are produced in both β-hydride 
transfer to the metal (i.e. β-hydride elimination) and to the monomer, β-hydride 
elimination is generally considered to be the major chain release reaction in the 
polymerization with group 4 alkyl metallocenes. β-Methyl transfer reaction is 
commonly observed in highly substituted cyclopentadienyl metallocene catalysis and 
generates an allyl terminal. In propylene polymerization with metallocenes containing 
bulky ligands, β-methyl transfer is favored.[63] The polymer chain transfer to Al (MAO 
or AlR3) or H2
[64-67] produces saturated end groups, amidst molecular H2 is able to 
improve catalytic activity. Notably, α–proton elimination reaction followed by cross 
metathesis with an olefin also produces polymers with vinyl terminal groups and it is 
impossible to distinguish it from β-hydride transfer reaction.[68] 
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Scheme 1.3 Chain release in olefin polymerization. 
 
1.4 Non-Metallocenes 
Following the great achievements of metallocenes in the synthesis of polyolefins, 
much effort has also been exerted to the study of non-metallocene catalysts (i.e. 
post-metallocene catalysts), which do not contain a cyclopentadienyl ligand but 
generally contain an oxygen, nitrogen or phosphorus moiety. The non-metallocenes 
have heteroatoms, a larger coordination site and a more electrophilic metal center[69-
71] compared to metallocenes. They provide access to the synthesis of polyolefins 
with improved functional-group tolerance, enhanced productivity and higher 
comonomer incorporation. In addition, they offer the potential of the living 
polymerization of α-olefins[72] with controlled polymer properties. Recent advances in 
non-metallocenes[73-76] are the development of bis(imino)pyridine, α-diimine and 
phenoxyimine ligands based on early and late transition metals (Figure 1.6).  
Chapter 1                                                                                                  Introduction 
10 
 
 
Figure 1.6 General structures of non-metallocene catalysts. 
 
In contrast to early metal non-metallocenes (Ti, Zr, Hf), late metal non-metallocenes 
(Fe, Ni, Pd) readily produce branched polyethylene as a result of the high propensity 
of chain walking,[77] that is β-hydride elimination and subsequent re-insertion of the 
vinyl terminal at the polyethylene chain. Much attention of non-metallocenes is 
concentrated on the phenoxyimine catalysts (known as FI catalysts),[25,71,78-83] 
especially group 4 transition metals, of which the important features are the structural 
diversity, higher productivity, particularly in ethylene polymerization and controlled α-
olefin polymerization.   
 
1.5 Vinyl-Insertion Polymerization (VIP) 
The (co-)polymerization of bulky cyclic olefins, e.g., cyclopentene (CPE), norborn-2-
ene (NBE) and their substituted derivatives, by homogeneous catalysts via a 
coordination-insertion mechanism provides novel polymers with rings retained and 
unique properties which attracts much attention. The high glass transition 
temperatures (Tg) or melting points (Tm), e.g., ca. 600 ºC for VIP-type NBE 
homopolymers,[84] and good heat and chemical resistance as well as high 
transparency and low water absorption are the main characteristics of cyclic olefin 
(co-)polymers.[85] These features make VIP-derived cyclic olefin polymers suitable for 
various applications such as packing films, medical devices and optical parts.  
Depending on the applied catalysts, there are four different CPE unit enchainments, 
that is 1,2-cis-, 1,2-trans-, 1,3-cis- and 1,3-trans-linking[86-90] (Figure 1.7a). The 
formation of 1,3-enchained poly(CPE) is postulated to be a reversible chain transfer 
or isomerization.[91-92] Due to the prochiral structure of NBE and two newly-generated 
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chiral centers after one NBE molecule insertion, the sequences in poly(NBE)VIP are 
meso and racemic isomers[58] (Figure 1.8a). 
 
 
Figure 1.7 Linking modes in poly(CPE) and poly(E-co-CPE)VIP. 
 
 
Figure 1.8 Configurations of poly(NBE)VIP dimers and poly(E-co-NBE)VIP. 
 
The extremely poor solubility of VIP-derived cyclic olefin homopolymers in most 
organic solvents and their high Tm close to or even higher than their decomposition 
temperatures[84] hampered the use in industry. Copolymers of highly strained cyclic 
olefins with acyclic α-olefins (known as cyclic olefin copolymers-COCs) can reduce 
Tm or Tg and improve properties such as an dramatic increase in optical clarity
[93-94] 
which, therefore, are of great academic and commercial importance. Among these 
COCs, ethylene-norborn-2-ene (E-N) copolymers (TOPASⓇ) attract the most 
attention. The incorporated comonomer content and distribution have a strong impact 
Chapter 1                                                                                                  Introduction 
12 
 
on the microstructure and thus on the properties of COCs. For instance, E-N 
copolymers with over 10 mol-% NBE content are amorphous rather than crystalline. 
The Tm ranges from room temperature up to 320 ºC based on NBE ratio in the 
copolymer.[95-96] 
 
1.6 Olefin Metathesis  
1.6.1 Initiators 
Olefin metathesis,[97-98] that is carbon-carbon double bonds redistribution reactions, 
has become one of the most useful methods in organic synthesis and polymer 
chemistry. Common types of olefin metathesis[97,99-100] include ring-closing/ring-
opening metathesis (RCM/ROM), cross-metathesis (CM), acyclic diene metathesis 
(ADMET) polymerization, ring-opening metathesis polymerization (ROMP), and ring-
opening cross metathesis (ROCM) (Figure 1.9). The mechanistic understanding in 
metal-catalyzed olefin metathesis has evolved from the initially proposed pairwise 
mechanism (quasicyclobutane mechanism) to the currently well-accepted non-
pairwise mechanism which is known as carbene mechanism or Chauvin 
mechanism[98,101-104] (Scheme 1.4). The latter involves the approach of a terminal 
olefin to the metal alkylidene and the following generation of the metallacyclobutane. 
This intermediate subsequently undergoes a cycloreversion to generate ethylene and 
a new metal alkylidene to which the second olefin coordinates and then the product 
is liberated and the catalyst is regenerated. 
Based on the Chauvin mechanism and the pioneering work on Fischer carbenes[105-
112] and Tebbe complexes[113-122] (Figure 1.10), a breakthrough was made by 
Schrock in 1988[99,123-138] in the development of well-defined tungsten and 
molybdenum imido alkylidene catalysts (Figure 1.11). Another breakthrough was 
made by Grubbs in 1992[97,99,139-145] in the discovery of air stable and functional-group 
tolerant ruthenium carbene complexes (Figure 1.12). The past decades have 
witnessed explosive growth in a variety of metathesis catalysts and their wide 
applications. Due to their important contributions in olefin metathesis, Chauvin, 
Schrock and Grubbs were awarded the Nobel Prize in Chemistry in 2005.  
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Figure 1.9 Selected olefin metathesis reactions.[99] 
 
 
Scheme 1.4 Pairwise mechanism and carbene mechanism in olefin metathesis.[99] 
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Figure 1.10 Structures of Fischer carbenes and the Tebbe reagent.[98,108] 
 
 
Figure 1.11 Tungsten and molybdenum alkylidene catalysts in olefin metathesis.  
 
 
Figure 1.12 Ruthenium catalysts in olefin metathesis.  
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Schrock catalysts[128,131-136,140-141] possess the general formula M(=CHR)(NAr’)(OR’)2, 
M = Mo, W; R = t-Bu, CMe2Ph; Ar’ = substituted phenyl, adamantyl; R’ = t-Bu, 
CMe(CF3)2, and a practical synthetic route has been developed. The common 
synthesis of tungsten complexes (Scheme 1.5) involves the conversion of 
amido/alkylidyne to imido/alkylidene by transferring an α-proton from the amido 
nitrogen to the alkylidyne carbon via the addition of a base, e.g., trimethylamine 
(NEt3).
[126,133] Replacement of the chlorides by bulky alkoxides (e.g., OCMe(CF3)2) 
affords W(=CHR)(NAr’)(OR’)2
[127-128] which is generally assumed to be 14-electron 
species as a result of the donation of the electron lone pair at the imido ligand to the 
metal to form a pseudo triple bond. Accordingly, the preferred synthesis of Mo 
complexes[128,145-146] (Scheme 1.5) involves the development of the intermediate 
Mo(=CHR)(NAr’)(OTf)2(DME)2 (DME = dimethoxyethane), which readily reacts with 
alkoxides to obtain Mo(=CHR)(NAr’)(OR’)2. Subtle tuning of the bulky ligands around 
the metal offers access to a broad variety of W and Mo alkylidene complexes (Figure 
1.11).  
 
 
Scheme 1.5 Synthesis of W- and Mo-based imido alkylidene catalysts.[128,133,146] 
 
Schrock catalysts are known as high-oxidation-state metal carbene complexes in 
which the metal center is highly electron-deficient.[128] These Mo- and W-based 
alkylidene catalysts act as or resemble the active species in metathesis reactions 
and provide exceedingly efficient reactivity. The utility of the bulky alkylidene (e.g., 
=CHCMe2Ph) and imido ligand provides remarkable selectivity and stability towards 
bimolecular decomposition. In addition, the sterically crowded alkoxide ligands are 
demonstrated to promote metathesis especially when the alkoxides are highly 
electron-withdrawing groups, e.g., hexafluoro-tert-butoxide (-OCMe(CF3)2) and are 
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able to provide the chirality through the introduction of the chiral alkoxides for 
enantioselective synthesis.[123,128]  
Since the M=Calkylidene bond is placed perpendicular on the M-Nimido-Cipso plane owing 
to the involvement of the empty d-orbital of the metal in both the M=Calkylidene bond 
and the M=Nimido pseudo triple bond, there exist two isomers in Mo- and W-based 
imodo alkylidenes, syn and anti[125,127-128,141] (Scheme 1.6), respectively. Although the 
syn form is usually observed in the solid state, syn and anti are able to interconvert 
via the rotation of the M=Calkylidene bond and the anti alkylidene complex is considered 
to be more reactive due to the lower steric hindrance between the substituent in the 
imido and in the alkylidene. 
 
 
Scheme 1.6 Interconversion between syn and anti Mo and W imido alkylidene 
complexes.[128] 
 
Schrock-type Mo- and W-alkylidene catalysts are more sensitive to water and air in 
combination with a poorer functional-group tolerance compared to Grubbs catalysts, 
which limit their industrial application.[147] Nevertheless, their comparative low-cost 
and highly effective regio- and stereoselectivity in organic and polymer synthesis gain 
widespread popularity.[128]  
In Buchmeiser’s group, a new family of Mo-alkylidene catalysts has been reported 
recently via the introduction of an N-heterocyclic carbene (NHC) ligand[139,142-144] 
(Figure 1.13). These catalysts exhibit high activity and functional-group tolerance in 
a wide range of olefin metathesis reactions, e.g., in RCM and the cyclopolymerization 
of 1,7-octadiynes. Unlike classical four-coordinate Schrock catalysts, these novel 
NHC Mo-alkylidene catalysts are five-coordinate and have 16-electron count and 
include two carbenes, a Schrock carbene and a NHC carbene, respectively. 
Therefore, they provide potential for the formation of stable chiral cationic species in 
which the positive charge at the metal center is stabilized by the NHC ligand 
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(Scheme 1.7), thereby displaying high selectivity without sacrificing their activity. In 
addition, excellent functionality tolerance of these catalysts towards hydroxyl-, nitrile- 
and aldehyde-groups, etc., enable them to be promising catalysts in the olefin 
metathesis.  
 
 
Scheme 1.7 Stabilization of the cationic metal center by the NHC ligand.[139] 
 
 
Figure 1.13 Mo-imido and W-oxo alkylidene NHC catalysts in olefin metathesis 
reported by Buchmeiser group.  
 
Since the NHC ligand remains bound to the metal in the polymerization process, the 
dissociation of one triflate moiety (TfO) is necessary to activate the neutral pre-
catalyst. However, the low propensity of the TfO ligand to depart from the pre-catalyst 
demonstrates that isolation of the stable cationic complexes is plausible. Fortunately, 
the corresponding neutral and cationic tungsten-oxo-alkylidene NHC complexes are 
accessible[142] (Figure 1.13) of which in situ generated cationic catalysts are 
metathesis-active and tolerant towards various olefins (e.g., alkenes with nitrile- and 
thioether-groups). High turnover numbers (TONs) were obtained, e.g., the TON in the 
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self-metathesis of methyl oleate is about 10 000. Interestingly, the silica-supported 
cationic tungsten-oxo-alkylidene NHC complexes (Figure 1.13) showed exceedingly 
high activity and stability in olefin metathesis, e.g., the TON in self-metathesis of 
propene is over 1.2 million.[148] The remarkable activity and stability were explained 
by the presence of both a strong –donor (NHC) and a weak –donor (siloxy) in 
these immobilized W-catalysts, which resulted in the electron dissymmetry and the 
reactive site isolation. Consequently, these novel alkylidene NHC complexes 
reported by Buchmeiser group are explicitly characterized by the combination of the 
advantages of Schrock catalysts in terms of remarkable activity, regio- and stereo-
selectivity and the ones of Grubbs catalysts in terms of excellent tolerance with 
functional groups. 
Accordingly, Grubbs catalysts[97,149-150] possess high stability and excellent functional-
group compatibility towards alcohol-, carboxylic acid-, ketone- and amine-groups. 
Grubbs catalysts are able to be utilized in protic and even aqueous solvents, 
therefore, they are considered to be optimum catalysts in olefin metathesis. Despite 
the fact that Ru is much more expensive than Mo and W, intensive studies on 
Grubbs catalysts have been carried out since the development of the first 
metathesis-active and well-characterized ruthenium alkylidene complex 
RuCl2(PPh3)2(CH-CH=CPh2)
[151-152]
 in 1992. Although RuCl2(PPh3)2(CH-CH=CPh2) 
could only polymerize high-strain olefins, e.g., norborn-2-ene, its living polymerization 
manner, remarkable stability to air, water, acid and other functional groups initiated 
extensive research. Replacement of PPh3 ligands by PCy3 (Cy = cyclohexyl) afforded 
RuCl2(PCy3)2(CH-CH=CPh2) which was able to catalyze acyclic olefin 
metathesis.[151,153] Subsequent demonstration of the improved activity of Ru-
benzylidene complexes paved the way to the development of the 1st-generation 
Grubbs catalyst (G1) (Figure 1.12), that is RuCl2(PCy3)2(CHPh).
[154] The removal of 
one phosphine ligand is the key step in metathesis, but the strongly coordinate 
phosphines are difficult to dissociate and are not capable of providing sufficiently 
stable a mono(phosphine) intermediate. Substitution of one phosphine ligand by the 
less labile and stronger electron-donating NHC ligand was shown to increase 
reactivity. The corresponding complex is known as the 2nd-generation Grubbs 
catalyst (G2) (Figure 1.12), that is RuCl2(PCy3)(IMesH2)(CHPh) (IMesH2 = 1,3-
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dimesityl-4,5-dihydroimidazolin-2-ylidene).[151,155-156] However, G2 catalysts are 
unable to be applied in living olefin polymerization.[157] Further modification on PCy3 
and the benzylidene ligand of G2 led to the development of the 3rd-generation 
Grubbs catalyst (G3) (Figure 1.12) and the indenylidene catalyst (Figure 1.12), that 
is RuCl2(py)2(IMesH2)(CHPh) (py = pyridine or 3-bromo-pyridine)
[158-159] and 
RuCl2(py)(IMesH2)(3-phenylindeny-1-lidene),
[160] which are widely applied in living 
polymerization. 
Substitution of one PCy3 ligand in G1 and G2 with a bidentate alkylidene (iso-
propoxystyrene) produced the 1st- and 2nd-generation Grubbs-Hoveyda 
catalysts,[149,161-163] (GH1 and GH2) (Figure 1.12) which display improved stability 
maintaining the activity and tolerance regardless of their slower initiation rate in 
contrast to G1 and G2. Increased reactivity was observed when a nitro-group was 
introduced to the meta- or para-postion of the benzylidene ligand[164-165] (Figure 1.12) 
as a result of the increased decoordination propensity of the Ru-O bond to generate 
a 14-electron catalytic species. Dithiolate Grubbs-Hoveyda catalysts[166-168] (Figure 
1.12) efficiently facilitate Z-selective cross-metathesis of the olefins bearing hydroxyl, 
aldehyde and carboxylic acid groups allowing up to 98% Z-selectivity, which offers 
extremely useful transformations for the preparation of biologically active molecules. 
 
 
Figure 1.14 Ruthenium catalysts in olefin metathesis reported by Buchmeiser group.  
 
In Buchmeiser’s group, a series of modified Grubbs and Grubbs-Hoveyda catalysts 
were developed (Figure 1.14) through the introduction of an unsymmetrical NHC 
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ligand[169-170] and/or the replacement of the chloride ligands by strong electron-
withdrawing groups,[171-179] such as OCN-, CF3SO3
-, CF3CO2
- and CF3(CF2)2CO2
-. 
These Ru-catalysts with unsymmetrical NHCs (e.g., S-1, Figure 1.14) allowed for the 
synthesis of alternating copolymers, such as poly(NBE-alt-COE)n and poly(NBE-alt-
CPE)n.
[169-170] In addition, the ring size of the NHC affects the configurations of the 
resulting polymers, for example, a high cis-content of poly(NBE) fractions was 
obtained in NBE-CPE copolymerization.[171-173] These bearing (pseudo)halide 
moieties displayed enhanced reactivity as a result of the increased polarization Ru-
Calkylidene bond. Apart from their remarkable activity in RCM, ROCM and enyne 
metathesis, the regioselectivity is fascinating. For example, cyclopolymerization of 
1,6-heptadiynes to produce polyenes with exceedingly high five-membered ring 
structures through α–addition of monomers to the initiators, which was able to 
proceed even in aqueous conditions.[174-175] Interestingly, dicationic Ru-complexes 
(e.g., S-8, Figure 1.14) can dissolve selectively in an ionic liquid and showed high 
activity in biphasic conditions. S-8 was even applied in continuous monolith-
supported biphasic conditions, which enabled continuous product formation and the 
regeneration of the monolithic support material.[176-178] 
 
1.6.2 Ring-Opening Metathesis Polymerization (ROMP) 
Ring-opening metathesis polymerization (ROMP) is a particularly important olefin 
metathesis reaction, which provides polymers containing a considerable amount of 
carbon-carbon double bonds in the backbone.[180] ROMP holds great potential in a 
diversity of the polymers with unique attributes through post-modification,[181-184] e.g., 
hydrobromination and subsequent functionalization (Scheme 1.8), to fulfill endless 
demand for a variety of applications that is impossible to achieve by most catalysts 
through direct polymerization due to incompatibility issues.  
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Scheme 1.8 Synthesis of poly(COE-Br) and PE-g-PtBA (tBA = tert-butyl acrylate).[181-
183] 
 
The general principle of ROMP is well-known, including initiation, propagation and 
termination[185] (Scheme 1.9). The initiation step includes the formation of the 
metallacyclobutane intermediate followed by ring opening to generate a new linear 
metal alkylidene. Chain propagation proceeds in analogy to the initiation. In the 
termination step, a suitable reactant is added to react with the active metal alkylidene 
and remove the metal from the growing polymer chain. For intance, early-transition 
metal catalysts- and Schrock catalysts-triggered ROMP reactions are often 
terminated by the addition of an aldehyde[186] while vinyl ether is a common 
quenching reagent in Grubbs catalysts-triggered ROMP.[180,186] However, undesired 
deactivation reactions generally occur simultaneously in ROMP, known as inter- and 
intramolecular chain transfer (back biting) (Scheme 1.9). The active metal alkylidene 
at the terminal polymer chain either reacts with a C=C double bond in another 
polymer chain or a double bond in itself and both processes lead to an increase in 
polydispersity.[180,187]  
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Scheme 1.9 General mechanism for ring-opening metathesis polymerization 
(ROMP).[180] 
 
ROMP is mainly driven by the release of ring strain in cyclic olefins.[185] Therefore, 
cyclobutene (CBE), cyclopentene (CPE), cis-cyclooctene (COE), norborn-2-ene 
(NBE) and their derivatives (Figure 1.15) containing considerable ring strain are the 
most common monomers in ROMP.[188-189] Among them, NBE and analogous 
compounds are the most often used substrates in ROMP because of facile 
preparation, high ROMP activity as well as the living fashion in tailored catalytic 
systems.[185] The titanacyclobutane complex (Figure 1.15) was the first well-
characterized single-site catalyst used for living ROMP of NBE, which was 
synthesized through the reaction of the Tebbe complex (Figure 1.10) with NBE in the 
presence of N,N-dimethylaminopyridine (DMAP).[116] In addition, tantalacyclobutanes 
(Figure 1.15) and a considerable amount of W-, Mo- and Ru-alkylidene complexes 
(Figure 1.11 and 1.12) are also able to polymerize NBE in a living manner.[187,190]  
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Figure 1.15 Representative ROMP monomers and titana- and tantala- 
cyclobutanes.[187,190] 
 
In terms of the configurations of ROMP-derived poly(NBE) (cis and trans) and the 
tacticities (atactic, isotactic (it) and syndiotactic (st)), the four regular structures[191-192] 
are cis,it, cis,st, tans,it and trans,st (Figure 1.16). Among various factors on polymer 
tacticities, the structures of initiators have a significant impact. For example, over 98% 
cis,it poly(NBE) was synthesized as reported by Mo-imido alkylidene biphenolate 
complexes while over 98% cis,st was obtained by W-oxo or Mo monoaryloxide 
pyrrolide (MAP) catalysts[193] (Figure 1.16), which was explained by enantiomophic 
site control and stereogenic metal control,[191-192] respectively.  
 
 
Figure 1.16 Microstructures of ROMP-poly(NBE) and representative initiators for 
high tacticities.[191-193] 
 
1.7 Relationship between VIP and ROMP 
The Cossee-Arlman mechanism for VIP is widely accepted and contains the 
formation of a metallacyclobutane intermediate formed through coordination of an 
olefin to the highly electrophilic cationic metal center[23,56-58] (Scheme 1.2). The 
metallacyclobutane is also the key intermediate in ROMP generated from the 
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cycloaddition of the metal alkylidene and an alkene[185] (Scheme 1.9). Clearly, there 
is a correlation between a VIP and a ROMP catalyst.  
 
 
Scheme 1.10 Mechanism for switching between VIP and ROMP proposed by Ivin.[194] 
 
In fact, a hypothetical mechanism for the interconversion between the VIP-active 
species and the ROMP-active species was developed by Ivin in 1983[194] (Scheme 
1.10) through a hydrogen shift between the α–carbon in the polymer chain and the 
metal center, namely α–proton elimination/addition. Saturated and unsaturated NBE 
fragments were simultaneously obtained with Mo(CO)5py/AlEtCl2 or 
Re(CO)5Cl/AlEtCl2.
[195-196] However, there was no strong evidence for two monomer 
units in the same chain but two separate polymers produced were reasonable owing 
to the presence of both the glass transition and melting temperatures. Grubbs et 
al.[197-198] reported the irreversible conversion from ROMP-active titanacyclobutanes 
to VIP-active alkyl titanocenes (a single switch from ROMP to VIP, namely α–H 
addition) by the addition of methanol or ethanol as a hydrogen donor to titanacycle 
complexes (Scheme 1.11), allowing the synthesis of poly(NBE)ROMP-PE block 
copolymers and PE oligomers in combination with AlEtCl2. Kaminsky
[199-200] explored 
the addition of a proper reagent (e.g., phenylacetylene) to switch the polymerization 
process from VIP to ROMP (Scheme 1.12). Nevertheless, this single switch from VIP 
to ROMP was not forcefully confirmed due to the ill-characterized resulting polymers.  
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Scheme 1.11 Single switch from ROMP to VIP.[197-198] 
 
 
Scheme 1.12 Single switch from VIP to ROMP.[199-200] 
 
1.8 Research Objectives  
A brief introduction to polyolefins and a general concept of polymerization 
mechanisms (VIP and ROMP) and the corresponding catalysts have been outlined. 
The correlation between VIP and ROMP has been described.  
The above irreversible single switch either from ROMP to VIP or from VIP to 
ROMP is based on external addition of reactants to interrupt the polymerization 
process. In order to meet the increasing demand for the properties and 
functions of polyolefins, it appears desirable to achieve a reversible switch 
between VIP and ROMP. This approach, if successful, would produce (co-
)polymers containing both saturated and unsaturated sequences in the same 
polymer chain in a controlled manner with high regularity.[201] These (co-
)polymers would significantly contribute to the development of various 
polymers with side-chain functional groups through post-polymerization 
functionalization. Considering that the catalytic system for the switching is in 
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general highly sensitive to traces of impurities and polymerization reactions 
are rapid, it would be more reasonable to reversibly switch between VIP and 
ROMP through intraconversion instead of unidirectional transformation by the 
addition of external reagents. Therefore, a suitable catalyst is needed to be 
active in both VIP and ROMP, i.e. the propensity of both forming a cationic 
species and forming a metal alkylidene. Furthermore, an intramolecular and 
reversible α–H elimination/addition process is required to realize the 
transformation between VIP and ROMP, for which the temperature control is 
plausible.  
Functional groups in the non-polar polymers have a strong impact on the polymer 
properties even in the presence of a minor amount of polar groups.[202] Polymers 
containing pendent functionalities are inaccessible in most case by traditional 
transition metal complexes-catalyzed olefin polymerization since it still remains a 
challenge for transition-metal catalysts to undertake direct copolymerizations of α-
olefins with functional monomers to high molecular-weight polymers. The 
explanation[203] is attributed to the deactivation of polar monomers towards the metal 
active species in spite of the improved functional-group tolerance of transition metal 
catalysts. Furthermore, the catalytic activity is relatively low in the copolymerizations 
of α-olefins and functional monomers compared to the (co-)polymerizations of α-
olefins. Although polymerizations of protected functional monomers was already 
reported,[202] the essential compatibility of the initiators towards the protecting groups 
is required and the deprotection step is in general not complete which results in 
unsatisfying reactivity and structural alternation on the backbone.[204] 
Therefore, introduction of functional groups on the basis of the multi-block and non-
polar copolymers bearing considerable numbers of double bonds in the main chain 
combined with polymer-analogous reactions on double bonds[181-184,205] appears 
desirable. If successful, this would be capable of maintaining the properties of the 
parent polymers (e.g., crystalline and regularity) as well as circumventing the poor 
functional-group tolerance of traditional transition-metal catalysts towards polar 
monomers and thus introducing a variety of side-chain functional groups and 
providing a high yield, which are able to generate a variety of functional polymers. 
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2.1 Introduction 
In previous studies, pre-catalysts containing the 6-[2-(diethylboryl)phenyl]pyrid-2-
ylamido motif, e.g., (η5-tetramethylcyclopentadienyl)dimethylsilylene-(6-[2-
(diethylboryl)phenyl]pyrid-2-ylamido)TiCl2 (Ti-A) or dimethylsilylene-bis(6-[2-
(diethylboryl)phenyl]pyrid-2-ylamido)ZrCl2 (Zr-B) (Figure 2.1), activated by 
methylalumoxane (MAO) were found being capable of forming multi-block 
copolymers from ethylene/norborn-2-ene (E-NBE) and ethylene/cis-cyclooctene (E-
COE) with both ring-opening metathesis polymerization (ROMP)- and vinyl-insertion 
polymerization (VIP)-derived sequences within one single polymer chain[1-3] (Figure 
2.2).  
 
 
Figure 2.1 Pre-catalysts for the reversible switch between VIP and ROMP.[1-3] 
 
The structure of these unique polyolefins was confirmed by NMR; narrow 
polydispersity index (PDI≤1.3), single peaks in the GPC and the absence of glass 
transitions (Tg) that could be assigned to pure poly(NBE)ROMP or poly(COE)ROMP 
further support the proposed polymer structures.[2] These tailored cyclic olefin 
copolymers bear the potential for functionalization through polymer-analogous 
reactions at double bonds present in the copolymers[4-10] (Scheme 1.8). If successful, 
this approach would offer an alternative to currently investigated copolymerizations of 
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ethylene with functional monomers such as acrylates.[11-15] In current techniques of 
transition metal catalysis in the copolymerizations of ethylene with polar monomers 
are limited either by the low reactivity or by the low functional-group tolerance of the 
initiators.[16-17] Since the activity of transition metal complexes in the 
copolymerizations of ethylene with α–olefins and the molecular weights in the 
resulting polymers are comparatively higher, these copolymers with both VIP- and 
ROMP-derived structures in the polymer backbone together with post-modification on 
double bonds provide a fascinating route to the synthesis of a variety of polymers 
with side-chain functional groups.  
 
 
Figure 2.2 Proposed structures of poly(NBE)ROMP-co-poly(NBE)VIP-co-PE and 
poly(COE)ROMP-co-poly(COE)VIP-co-PE.
[1-3] 
 
In terms of polymer synthesis, the ligand system at the group 4 transition metals was 
designed in a way that it can switch from VIP to ROMP via abstraction of an α-proton 
from the growing polymer chain by the nitrogen at the pyrid-2-yl moiety. This proton 
can then in principle re-add to the metal alkylidene to switch the process from ROMP 
to VIP. The α–H elimination/addition process is controlled by the temperature-
dependent dissociation propensity of the N-B bond where the boryl group and α-
hydrogen at the growing polymer chain compete for the lone pair of the pyridyl group 
(Figure 2.1). However, apart from the 6-[2-(BR2)phenyl]pyrid-2-ylamido motif, the 
additional structural requirements that allow for the desired tandem polymerization 
were not clear.[2,18] Within that context, it also appears desirable to tailor the 
dissociation temperature of the N-B bond, which is ~ 60 ºC for complex Zr-B.[3] This 
can be achieved, e.g., by increasing either the sterics or the electron density at the 
boron. Since fluorenyl ligands are less Lewis basic compared to their 
cyclopentadienyl or tetramethylcyclopentadienyl counterparts, fluorenyl-based metal 
complexes bear the potential of increasing the electrophilicity of the metal and thus 
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enhance polymerization activity.[19-22] In addition, introduction of the bulky fluorenyl 
moiety is known to have an effect on the stereoselectivity of the polymers 
produced.[22-24]  
Furthermore, introduction of alkyl substituents instead of halides at the metals has a 
significant impact on the reactivity of group 4 initiators and affects both catalytic 
activity and polymer properties such as molecular weight and comonomer 
incorporation.[25-26] Generally, metal alkyl cations, formed from the neutral dialkyl 
progenitor complexes upon activation with co-catalysts, e.g., [HNMe2Ph]
+[B(C6F5)4]
-, 
B(C6F5)3 or trityl borate [Ph3C]
+[B(C6F5)4]
-,[27] are assumed  to represent the active 
species in olefin polymerization. In addition, cationic M-alkyl catalysts derived from 
LnMR2 via borane- or borate-activation have been demonstrated to display higher 
polymerization activity than the corresponding cationic M-alkyl catalysts derived from 
LnMCl2/MAO. This can be explained by the fact that catalysts of the type 
[LnMR]
+[BArF]- are truly catalytic species while the systems LnMR
+/MAO in fact exist 
in the form of ion pairs or even adducts of the general formula [LnM(-
R)2AlR2]
+[RMAO]-.[27-30] 
Based on these considerations, group 4 transition-metal dichloro-complexes Zr-1, Hf-
1, Ti-2 and Zr-2 containing the 6-[2-(diethylboryl)phenyl]pyrid-2-ylamido or the 6-[2-
(dimesitylboryl)phenyl]pyrid-2-ylamido motif and a fluorenyl or tetramethyl-
cyclopentadienyl ligand, all bridged by a dimethylsilylene group, were prepared. The 
structural modifications on dichloro-Zr-2 bearing two mesityl groups at boron and one 
tetramethylcyclopentadienyl ligand were carried out by replacement of both chloro 
ligands by dialkyl groups (alkyl = CH3, benzyl, CH2SiMe3). The desired cationic 
complexes were then prepared via treatment of the dialkyl complexes with a 
stoichiometric amount of [Ph3C]
+[B(C6F5)4]
-.  
The catalytic performances of the dichloro complexes and the cationic complexes in 
the homopolymerization of both E and NBE as well as in the copolymerization of 
ethylene with cyclopentene (E-CPE) and E-NBE were explored in order to examine 
the polymerization behaviors of the parent and modified catalysts for potentially new 
polymer structures and to clarify the mechanism of the switch between VIP and 
ROMP. 
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2.2 Synthesis of Pre-catalysts Zr-1 and Hf-1 
6-[2-(Diethylboryl)phenyl]pyridine-2-amine (1)[2-3] and 9-(chlorodimethylsilyl)-9H-
fluorene (2)[31-33] were prepared as described in the literature. The synthetic routes to 
Zr-1 and Hf-1 are shown in Scheme 2.1.  
Deprotoantion of 1 by n-butyllithium (n-BuLi) in diethyl ether followed by reaction with 
2 yielded N-((9H-fluoren-9-yl)dimethylsilyl)-6-(2-(diethylboryl)phenyl)-pyridin-2-amine 
(3). Compound 3 crystalizes in the orthorhombic system Pbcn, a = 2181.09(17), b = 
1350.26(11), c = 1750.34(16) pm, α = β = γ = 90º, Z = 8. In this ligand, the pyridine 
nitrogen is coordinated to the boryl group with an N-B distance of 165.5(3) pm 
(Figure 2.3).  
 
 
Scheme 2.1 Synthesis of pre-catalysts Zr-1 and Hf-1. 
 
Treatment of 3 with two equivalents of n-BuLi in toluene followed by recrystallization 
from tetrahydrofuran/pentane[34] allowed isolating the ionic lithium complex (4) in 80% 
yield. Compound 4 crystalizes in the monoclinic space group, P21/n with a = 
1424.13(7), b = 1944.18(9), c = 1788.83(8) pm, α = γ = 90º, β = 107.1º, Z = 4. In 
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compound 4, the fluorenyl ligand is coordinated to the lithium center in a η1-manner 
and the amino nitrogen is bound to the same lithium atom, which is additionally 
coordinated by one THF molecule. Also some hydrogen-bonding to the ethyl group at 
the boron becomes visible, resulting in a distorted tetrahedral ligand sphere around Li. 
The counter cation to this anionic Li-complex is Li(THF)4
+; consequently, the formula 
of compound 4 is [(η1-C13H8)Me2Si(DbppN)·Li(THF)
-·Li(THF)4
+] (DbppN = 6-(2-
(diethylboryl)phenyl)pyridin-2-amido). Notably, as in 3, the pyridine nitrogen in 4 is 
coordinated to the boryl group in the solid state, as evidenced by the N-B bond length 
of 162.8(2) pm (Figure 2.4 and Table 2.1).  
 
 
Figure 2.3 Single-crystal X-ray structure of compound 3. 
 
 
Figure 2.4 Single-crystal X-ray structure of compound 4.  
 
Table 2.1 Selected bond lengths [pm] and angles [°] for compound 4. 
Li(1)-O(1) 191.9(3) 
Li(1)-N(2) 195.9(3) 
Li(1)-C(12) 239.4(3) 
Li(1)-C(13) 251.7(3) 
Li(1)-C(14) 273.8(3) 
N(1)-B(1) 162.8(2) 
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O(1)-Li(1)-N(2) 157.77(19) 
O(1)-Li(1)-C(12) 107.60(14) 
N(2)-Li(1)-C(12) 80.45(11) 
 
Direct transmetalation of 4 with ZrCl4·2THF or HfCl4·2THF provided the 
corresponding dichloro complexes Zr-1 and Hf-1. Crystals suitable for X-ray 
crystallography were obtained from CH2Cl2/pentane for Zr-1 and toluene/pentane for 
Hf-1. Zr-1 and Hf-1 crystalize both in the triclinic space group P1 . Zr-1: a = 884.24(6), 
b = 1246.31(9), c = 1610.75(12) pm, α = 105.517º, β = 91.645º, γ = 106.554º, Z = 2; 
Hf-1: a = 881.19(5), b = 1246.37(7), c = 1612.23(9) pm, α = 105.491º, β = 91.532º, γ 
= 106.268º, Z = 2. Both single-crystal X-ray studies on Zr-1 and Hf-1 (Figure 2.5 and 
2.6) show that one THF is bound to the metal center leading to a trigonal bipyramidal 
(TB) structure with the amino-nitrogen and oxygen in the apical positions. Disordered 
traces of THF and CH2Cl2 in Zr-1 or THF in Hf-1 stem from solvents involved in the 
corresponding synthesis or recrystallization process. 
 
 
Figure 2.5 Single-crystal X-ray structure of Zr-1.  
 
Chapter 2                                                                                  Results & Discussion 
42 
 
 
Figure 2.6 Single-crystal X-ray structure of Hf-1.  
 
Table 2.2 Selected bond lengths [pm] and angles [°] for Zr-1 and Hf-1. 
Zr-1 Hf-1 
Zr(1)-N(2)  207.95(10) Hf(1)-N(1)  207.1(2) 
Zr(1)-O(1)  225.02(9) Hf(1)-O(1)  222.29(18) 
Zr(1)-C(22)  227.04(12) Hf(1)-C(12)  224.6(2) 
Zr(1)-Cl(1)  237.79(4) Hf(1)-Cl(2)  234.41(7) 
Zr(1)-Cl(2)  241.51(3) Hf(1)-Cl(1)  239.39(7) 
N(1)-B(1)  165.20(17) B(1)-N(2)  164.6(3) 
N(2)-Zr(1)-O(1)  164.84(4) N(1)-Hf(1)-O(1)  164.14(8) 
N(2)-Zr(1)-C(22)  76.12(4) N(1)-Hf(1)-C(12)  76.43(9) 
O(1)-Zr(1)-C(22)  92.57(4) O(1)-Hf(1)-C(12)  91.65(8) 
N(2)-Zr(1)-Cl(1)  104.63(3) N(1)-Hf(1)-Cl(2)  104.79(6) 
O(1)-Zr(1)-Cl(1)  86.91(3) O(1)-Hf(1)-Cl(2)  87.66(5) 
C(22)-Zr(1)-Cl(1)  99.18(3) C(12)-Hf(1)-Cl(2)  101.61(7) 
N(2)-Zr(1)-Cl(2)  95.21(3) N(1)-Hf(1)-Cl(1)  95.24(6) 
O(1)-Zr(1)-Cl(2)  84.64(3) O(1)-Hf(1)-Cl(1)  84.49(5) 
C(22)-Zr(1)-Cl(2)  131.36(3) C(12)-Hf(1)-Cl(1)  130.49(7) 
Cl(1)-Zr(1)-Cl(2)  128.976(13) Cl(2)-Hf(1)-Cl(1)  127.39(3) 
 
An η1-bonding of the fluorenyl moiety is observed for both Zr-1 and Hf-1. This η1-
bonding fashion of the fluorenyl ligand is very unusual in group 4 complexes where 
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usually an η5-binding mode of a fluorenyl ligand is observed.[19,35-37] The M-N(amino) 
and M-C(fluorenyl) distances are 207.9/227.0 pm for Zr-1 and 207.1/224.6 pm for Hf-
1 and are thus similar to the distances found in comparable complexes, e.g. in 
Me2Si(η
1-C29H36)(η
1-N-tBu)MCl2(Et2O)2 (M = Zr, Hf).
[38] The B-N bond length is 165.2 
pm for Zr-1, which is slightly longer than the one in dimethylsilylene-bis(6-[2-
(diethylboryl)phenyl]pyrid-2- ylamido)ZrCl2 (Zr-B, 163.5 pm).
[3] An explanation for this 
slight lengthening of the N-B bond is an increased electrophilic character of the metal 
in Zr-1 caused by the weaker electron-donation ability of the η1-bound fluorenyl 
ligand. This results in a reduced electron density at the pyridine, which directly 
translates into a decreased coordination ability of the pyridine nitrogen to the boron 
and consequently a longer intramolecular N-B bond (Scheme 2.2). 
 
 
Scheme 2.2 Preferred resonance structure in Zr-1. 
 
2.3 Synthesis of Pre-catalysts Zr-2 and Ti-2  
As described in Scheme 2.3, 6-[2-(dimesitylboryl)phenyl]pyridin-2-amine (5)[39-40] was 
prepared in analogy to compound 1 in 42% isolated yield. Deprotonation of 5 in THF 
produced the lithium complex 6 with two THF molecules coordinated to lithium. 
Subsequent reaction with chlorodimethyl(2,3,4,5-tetramethylcyclopenta-2,4-
dienyl)silane and recrystallization from diethyl ether/pentane allowed isolating 
compound 7 in 94% yield. Double deprotonation of 7 and in combination with 
ZrCl4·2THF provided Zr-2 in 32% isolated yield.  
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Scheme 2.3 Synthesis of pre-catalysts Zr-2 and Ti-2. 
 
Crystals suitable for single-crystal X-ray diffraction were obtained from 
toluene/pentane. Zr-2 (Figure 2.7) crystalizes in the triclinic space group P1  with a = 
993.61(7), b = 1247.23(8), c = 1590.00(11) pm, α = 84.293º, β = 73.108º, γ = 83.935º, 
Z = 2. The cyclopentadienyl ligand is η5-bound to Zr(1); the Zr(1)-Namide distance is 
210.85(10) pm and thus longer than in Zr-1 (207.9 pm). In stark contrast to Zr-1, the 
nitrogen in the pyridyl ring is coordinated to zirconium (Zr(1)-N(2) 249.61(9) pm) and 
no coordination to the boron atom exists, at least in the solid state. For the structure 
in solution, vide infra. The absence of any N-B bonding in Zr-2 is attributed to the 
pronounced steric demand of the two mesityl groups at boron compared to the two 
small ethyl groups in Zr-1. The absence of any coordinated solvent to the metal is 
attributable to a weakly but still significantly intramolecular stabilization of the 
electrophilic metal center by the pyridine ring through the N(2)-Zr(1) bond, which 
becomes also evident from its single crystal X-ray structure (Figure 2.7). 
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Figure 2.7 Single-crystal X-ray structure of Zr-2.  
 
Table 2.3 Selected bond lengths [pm] and angles [°] for Zr-2. 
Zr(1)-N(1)  210.85(10) 
Zr(1)-Cl(1)  239.60(3) 
Zr(1)-Cl(2)  242.19(4) 
Zr(1)-N(2)  249.61(9) 
Zr(1)-C(13)  245.26(11) 
Zr(1)-C(12)  245.60(11) 
Zr(1)-C(16)  254.07(11) 
Zr(1)-C(14)  256.92(12) 
Zr(1)-C(15)  258.66(12) 
N(1)-Zr(1)-Cl(1)  124.37(3) 
N(1)-Zr(1)-Cl(2)  108.44(3) 
Cl(1)-Zr(1)-Cl(2)  109.597(13) 
N(1)-Zr(1)-N(2)  57.42(3) 
Cl(1)-Zr(1)-N(2)  86.51(2) 
Cl(2)-Zr(1)-N(2)  86.10(2) 
 
Deprotonation of ligand 7 and subsequent reaction with TiCl4·2THF afforded complex 
Ti-2 and by-product Ti-2´ (Scheme 2.3) and the isolation was successful. Crystals of 
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Ti-2 were obtained from toluene/pentane. However, the poor quality of Ti-2 crystals 
prevents the quantitative discussion of its structure. It is certain that both the N-B 
bond and the Ti-Npyridine bond are absent at least in the solid state (Figure 2.8) which 
is different from that in Zr-2 (Figure 2.7) and again no solvent is coordinated to the 
metal. Ti-2´, which is an isolated by-product of Ti-2 (Scheme 2.3) and has two 
cyclopentadienyl ligands, crystalizes in the triclinic space group P1 : a = 882.36(7), b 
= 1271.59(10), c = 2082.92(16) pm, α = 100.584°, β = 94.534°, γ = 90.624°, Z = 2 
(Figure 2.9). Again, the N-B bond and the Ti-Npyridine bond are absent. 
 
 
Figure 2.8 Single-crystal X-ray structure of Ti-2. 
 
 
Figure 2.9 Single-crystal X-ray structure of Ti-2´. 
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Table 2.4 Selected bond lengths [pm] for Ti-2´. 
Ti(1)-C(32)  233.13(15) Ti(1)-C(45)  234.76(15) 
Ti(1)-C(36)  237.12(15) Ti(1)-C(44)  239.37(16) 
Ti(1)-C(33)  243.27(15) Ti(1)-C(41)  242.13(15) 
Ti(1)-C(35)  250.24(16) Ti(1)-C(43)  253.16(16) 
Ti(1)-C(34)  254.45(16) Ti(1)-C(42)  253.99(16) 
Ti(1)-N(1)  204.99(13) Ti(1)-Cl(1)  236.64(5) 
 
2.4 Synthesis of Pre-catalyst Zr-3 
The borylamine-free model catalyst Zr-3 was prepared in contrast to pre-catalyst Zr-1. 
The synthetic route is shown in Scheme 2.4. 6-(2-Isopropylphenyl)pyrid-2-ylamine 
was prepared via Pd-mediated coupling of 2-amino-6-bromopyridine with 2-
isopropylphenylboronic acid.[41] Deprotonation with n-BuLi followed by reaction with 
compound 2 yielded ligand 8. Double deprotonation of 8 yielded the lithium complex 
9, which could not be isolated as a stable compound. However, in situ formation and 
reaction with ZrCl4·2THF allowed isolating analytically pure Zr-3.  
 
 
Scheme 2.4 Synthesis of pre-catalyst Zr-3. 
 
2.5 Synthesis of Pre-catalysts Zr-2(CH3)2, Zr-2(Bn)2, Zr-2(CH2SiMe3)2 
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Treatment of Zr-2 with the corresponding Grignard reagents in diethyl ether[42-48] 
resulted in the formation of the dialkylzirconium complexes Zr-2(CH3)2, Zr-2(Bn)2 (Bn 
= benzyl) and Zr-2(CH2SiMe3)2. The synthetic routes are outlined in Scheme 2.5. 
Crystals suitable for single-crystal X-ray diffraction were grown from saturated diethyl 
ether solution.  
 
 
Scheme 2.5 Synthesis of Zr-2(CH3)2, Zr-2(Bn)2, Zr-2(CH2SiMe3)2 and the 
corresponding cationic complexes.  
 
 
Figure 2.10 Single-crystal X-ray structure of Zr-2(CH3)2.  
 
Table 2.5 Selected bond lengths [pm] and angles [°] for Zr-2(CH3)2. 
Zr(1)-N(1)  216.0(2) 
Zr(1)-C(30)  224.4(2) 
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Zr(1)-C(31)  226.9(3) 
Zr(1)-N(2)  253.9(2) 
Zr(1)-C(34)  247.3(2) 
Zr(1)-C(35)  248.4(3) 
Zr(1)-C(36)  258.1(3) 
Zr(1)-C(37)  258.1(2) 
Zr(1)-C(38)  251.4(2) 
N(1)-Zr(1)-C(30)  107.52(10) 
N(1)-Zr(1)-C(31)  132.95(9) 
C(30)-Zr(1)-C(31)  102.70(10) 
N(1)-Zr(1)-N(2)  56.29(7) 
C(30)-Zr(1)-N(2)  90.31(8) 
C(31)-Zr(1)-N(2)  88.90(8) 
 
Zr-2(CH3)2 crystalizes in the triclinic space group P1 , a = 868.85(10), b = 1218.49(12), 
c = 1810.5(2) pm, α = 79.834°, β = 85.356°, γ = 81.823°, Z = 2 (Figure 2.10). The 
Zr(1)-Namide distance is 216.0(2) pm, which is longer than in Zr-2 (210.85 pm). The 
pyridyl nitrogen is coordinated to zirconium (Zr(1)-N(2) = 253.9 pm) and not to the 
boron atom. Both the Zr-Npyridine and the Zr-Namide distances are longer than in Zr-2 
(Table 2.6), which is attributed to the electron-donating property of the dimethyl 
groups.  
 
Table 2.6 Selected bond lengths [pm] for Zr-2, Zr-2(CH3)2, Zr-2(Bn)2 and Zr-
2(CH2SiMe3)2. 
# Zr-2 Zr-2(CH3)2 Zr-2(Bn)2 Zr-2(CH2SiMe3)2 
Zr-Namide 210.85 216.0 208.9 213.23 
Zr-Npyridine 249.61 253.9 - - 
Zr-Calkyl - 224.4/226.9 226.2/227.9 224.3/225.5 
 
Zr-2(Bn)2 crystalizes in the monoclinic space group P21/c, a = 2791.4(2), b = 
1601.47(9), c = 1021.51(7) pm, α = 90°, β = 95.322°, γ = 90°, Z = 4 (Figure 2.11). 
The pyridyl nitrogen in Zr-2(Bn)2 is neither coordinated to zirconium nor to the boron 
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atom, which is in stark contrast to the situation in Zr-2 and Zr-2(CH3)2. We tentatively 
attribute this finding to the increased steric demand of the benzyl groups. The Zr(1)-
Namide distance is 208.9(6) pm, which is significantly shorter than in Zr-2(CH3)2 (216.0 
pm), attributable to the fact that the pyridine is uncoordinated. The angles C(42)-
C(41)-Zr(1) and C(49)-C(48)-Zr(1) are 123.6(3)° and 91.1(3)°, respectively, which 
reveals that two benzyl ligands are inequivalent in the solid state, one adopting an 1-
bonding mode (123.6°) and the other 2-bonding[49-54] (91.1°). In contrast to the solid 
state, the two benzyl groups in Zr-2(Bn)2 are magnetically equivalent in solution 
(CD2Cl2), with two diastereotopic benzylic protons at δ = 2.06 and 1.93 ppm (J = 52.0 
Hz).  
 
 
Figure 2.11 Single-crystal X-ray structure of Zr-2(Bn)2.  
 
Table 2.7 Selected bond lengths [pm] and angles [°] for Zr-2(Bn)2. 
Zr(1)-N(1)  208.9(6) 
Zr(1)-C(48)  226.2(5) 
Zr(1)-C(41)  227.9(5) 
Zr(1)-N(2)  253.9(2) 
Zr(1)-C(32)  243.3(5) 
Zr(1)-C(33)  247.4(5) 
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Zr(1)-C(34)  260.0(6) 
Zr(1)-C(35)  257.7(7) 
Zr(1)-C(36)  251.4(5) 
N(1)-Zr(1)-C(48)  109.8(2) 
N(1)-Zr(1)-C(41)  102.59(19) 
C(48)-Zr(1)-C(41)  117.38(19) 
C(42)-C(41)-Zr(1)  123.6(3) 
C(49)-C(48)-Zr(1)  91.1(3) 
 
Zr-2(CH2SiMe3)2 (Figure 2.12) crystalizes in the triclinic space group P1 , a = 
1114.92(5), b = 1131.88(5), c = 2027.72(9) pm, α = 89.308°, β = 82.967°, γ = 77.549°, 
Z = 2. The pyridyl nitrogen is neither coordinated to Zr nor to B, similar to Zr-2(Bn)2. 
The Zr(1)-Namide distance is 213.23(11) pm, which is shorter than in Zr-2(CH3)2 (216.0 
pm) but longer than in Zr-2(Bn)2 (208.9 pm).  
 
 
Figure 2.12 Single-crystal X-ray structure of Zr-2(CH2SiMe3)2.  
 
Table 2.8 Selected bond lengths [pm] and angles [°] for Zr-2(CH2SiMe3)2. 
Zr(1)-N(1)  213.23(11) 
Zr(1)-C(32)  224.30(13) 
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Zr(1)-C(36)  225.50(14) 
Zr(1)-C(40)  246.68(13) 
Zr(1)-C(41)  252.47(13) 
Zr(1)-C(42)  261.18(13) 
Zr(1)-C(43)  259.96(13) 
Zr(1)-C(44)  248.05(13) 
N(1)-Zr(1)-C(32)  111.58(5) 
N(1)-Zr(1)-C(36)  103.35(5) 
C(32)-Zr(1)-C(36)  103.35(5) 
Si(2)-C(32)-Zr(1)  130.85(7) 
Si(3)-C(36)-Zr(1)  126.57(7) 
 
The corresponding cationic complexes were created in situ by abstraction of one 
alkyl group from the corresponding dialkyl complexes using 1 equiv. of 
[Ph3C]
+[B(C6F5)4]
- in CD2Cl2
[55-56] (Scheme 2.5). For Zr-2(CH3)2 and Zr-2(Bn)2, 
1H 
NMR spectroscopy was indicative for the quantitative conversion of the dialkyl 
complexes to the corresponding cationic complexes. However, addition of 
[Ph3C]
+[B(C6F5)4]
- to a CD2Cl2 solution of Zr-2(CH2SiMe3)2 resulted only in ~ 28 mol-% 
formation of the cationic complex, probably due to the sterics of two CH2SiMe3 
groups at the metal and their low reactivity with [Ph3C]
+[B(C6F5)4]
-. Among these 
monoalkyl cationic complexes, isolation of the methyl cation with one diethyl ether 
molecule coordinated to Zr as indicated by NMR and elemental analysis was 
successful. 
Dialkyl complexes are also valuable progenitors for the formation of metal alkylidenes 
through thermally induced α–H elimination.[57] Alternatively, α-hydrogen abstraction 
can be induced by the addition of phosphines (PMe3, PPhMe2, PPh2Me, etc.).
[58-63] 
The resulting alkylidenes are the key species in metathesis polymerization. 
Unfortunately, all attempts to generate metal alkylidenes through thermolysis or by 
the addition of phosphines to the neutral alkyl compounds were unsuccessful. Thus, 
in toluene-d8, Zr-2(CH3)2, Zr-2(Bn)2 and Zr-2(CH2SiMe3)2 were found to be thermally 
stable at least up to 80 ºC. The same accounts for [Zr-2(CH3)]
+, [Zr-2(Bn)]+ and [Zr-
2(CH2SiMe3)]
+[B(C6F5)4]
-  in o-C6D4Cl2. Even in the presence 3-7 equiv. of PMe3 or 
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PPhMe2 with respect to Zr, no transformation of the Zr-dialkyls to the corresponding 
Zr-alkylidenes was observed by 1H NMR. 
 
2.6 Variable-Temperature 11B NMR Measurements 
Dynamic 11B NMR measurements[64-66] are able to roughly estimate the interaction 
between the pyridyl and the boryl moieties. Therefore, 11B NMR measurements at 
different temperatures on Zr-1 and Zr-2 were carried out in a temperature range of 0-
80 ºC while that on Hf-1 were in a range of 25-80 ºC. 
Zr-1 shows a sharp peak at δ ~ 6 ppm (Figure 2.13), which is typical for 
tetracoordinated borane in accordance with its single-crystal X-ray structure (Figure 
2.5). Once the temperature is increased from 0 to 80 ºC, the signal shifts from δ = 6.3 
to 4.7 pm. The pyridine nitrogen remains bound to the boron forming a Lewis 
acid/base pair that does not dissociate up to 80 ºC, which is indicative of a strong 
binding and a high-energy barrier to break the N-B bond.  
After the addition of MAO, the 11B NMR shows the signal of tetracoordinated borane 
(δ ~ -5 ppm) and, above 30 ºC, a new (weak) boron peak at δ ~ 87 ppm (Figure 2.14), 
which can be assigned to tricoordinated borane. Clearly, in the presence of MAO the 
N-B bond starts to dissociate above 30 ºC, though to a low degree. Upon addition of 
NBE to a toluene-d8 solution of Zr-1/MAO, a very weak peak at δ ~ 85 ppm, which 
can be assigned to tricoordinated borane, becomes visible (Figure 2.15). Evidently, 
the system contains predominantly tetracoordinated borane moieties. For 
implications on reactivity, vide infra. 
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Figure 2.13 Variable-temperature 11B NMR spectra of Zr-1 in toluene-d8 (0-80 ºC). 
 
 
Figure 2.14 Variable-temperature 11B NMR spectra of Zr-1/MAO in toluene-d8 (0-80 
ºC). 
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Figure 2.15 Variable-temperature 11B NMR spectra of Zr-1/MAO/NBE in toluene-d8 
(0-80 ºC). 
 
In ligand 7, the N-B bond exists in solution as evidenced by the chemical shift for 
boron at δ = -0.52 ppm in the 11B NMR (Figure 2.16), which is assignable to a 
tetracoordinated borane (vide infra).[64-66] In contrast to the solid-state structure, in 
solution above 10 ºC both free and nitrogen-coordinated borane are observed for Zr-
2 in toluene-d8 as indicated by two peaks around δ ~ 76 (tricoordinated borane) and ~ 
5 ppm (tetracoordinated borane) in the 11B NMR spectrum (Figure 2.17). These 
findings clearly show that in solution there exists an equilibrium between a closed 
and open structure for Zr-2. The 11B NMR of Zr-2/MAO and Zr-2/MAO/NBE (Figure 
S1 and S2) display two boron peaks similar to those of Zr-2 except that the 
tetracoordinated species become more abundant.  
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Figure 2.16 11B NMR of compound 7 in toluene-d8 (25 ºC). 
 
 
Figure 2.17 Variable-temperature 11B NMR spectra of Zr-2 in toluene-d8 (0-80 ºC). 
 
The 11B NMR of Hf-1 shows the signals for tetracoodinated borane at δ = 6 and 4 
ppm above 25 ºC (Figure 2.18); the absence of any tricoordinated borane again 
indicates a strong N-B bond. The 11B NMR of Hf-1/MAO is characterized by one 
signal for tricoordinated borane at δ = 87 ppm and two signals for tetracoordinated 
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borane at δ = 4 and -2 ppm (Figure 2.19). For Hf-1/MAO/NBE two sets of signals at δ 
~ 4 and 1 ppm, both typical for tetracoordinated borane and at δ ~ 87 ppm for 
tricoordinated borane is observed (Figure 2.20). The peak at δ ~ 1 ppm is invisible 
while a new tricoordinated B-species at δ ~ 85 ppm is observed at T ≥ 60 ºC. So far, 
this tricoordinated B-species cannot be assigned to a specific intermediate. 
 
 
Figure 2.18 Variable-temperature 11B NMR spectra of Hf-1 in toluene-d8 (25-80 ºC). 
 
 
Figure 2.19 Variable-temperature 11B NMR spectra of Hf-1/MAO in toluene-d8 (25-80 
ºC). 
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Figure 2.20 Variable-temperature 11B NMR spectra of Hf-1/MAO/NBE in toluene-d8 
(25-80 ºC). 
 
2.7 Ethylene (E) Homopolymerization 
Group 4 transition-metal monocyclopentadienyl-amido complexes have attracted 
significant attention due to their remarkable activity in α-olefin polymerization[67-69] and 
particularly their ability to additionally incorporate bulky olefins, e.g., norborn-2-ene 
(NBE).[70] Group 4 catalysts are capable of homo- and copolymerization of (cyclic) 
olefins with activities typically ranging from 20 to 7500 kg mol-1catalyst h
-1 bar-1.[70-73]  
The homopolymerization of E catalyzed by Zr-1, Hf-1, Zr-2 and Zr-3 activated with 
MAO produced mostly linear polyethylene (PE) with melting points (Tm) in the range 
of 129-138 ºC (Table 2.9). Remarkably, Zr-1/MAO and Zr-2/MAO produced ultra-
high molecular weight polyethylene (UHMWPE) with number-average molecular 
weight (Mn) ≥ 4 200 000 g mol
-1. Polymerization activities of Zr-2 were lower while 
that of Zr-3 were higher compared to those of Zr-1 and Hf-1. Zr-1/MAO and Hf-
1/MAO produced linear PE, in contrast, terminal vinyl groups were observed for Zr-2-
derived PE except for that produced at 30 ºC. The corresponding signals of the vinyl 
terminals were visible at δ = 5.9, 5.0 ppm in the 1H NMR spectrum (Figure 2.21) and 
δ = 139.2, 113.7 ppm in the 13C NMR spectrum (Figure 2.22). At elevated 
temperature, Zr-2/MAO produced a low degree of long-branched PE (Figure 2.22 
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and S3), as did Zr-3/MAO (Figure S4). The signal at δ = 29.7 ppm is attributed to 
linear PE, since short chains such as methyl and ethyl pended groups are invisible in 
PE, those at δ = 14.0 (C1), 22.6 (C2), 29.0 (C4), 31.9 (C3), 33.7 (Cα) probably belong 
to the terminal carbons in the side long-chain.[74-75] It should be mentioned here that 
one cannot distinguish either a classical β-hydride elimination or an α-H abstraction 
followed by cross-metathesis with ethylene, since both processes would yield the 
same vinyl-terminated polymers. 
 
Table 2.9 Results for E homopolymerization by the action of Zr-1, Hf-1, Zr-2 and Zr-
3 activated by MAOa and Zr-2(CH3)2 activated by [Ph3C]
+[B(C6F5)4]
-/AliBu3
b. 
# Cat. 
T 
(ºC) 
Ac 
Branchesd 
(/1000 C) 
Mn
e 
(g mol-1) 
PDIe 
Tm
f 
(ºC) 
1a Zr-1 50 32 0 > 6 000 000 - 137 
2a Zr-1 80 60 0 > 6 000 000 - 138 
3a Hf-1 50 37 0 430 000 2.1 138 
4a Zr-2 30 11 0 > 6 000 000 - 136 
5a Zr-2 50 14 0.3 > 6 000 000 - 136 
6a Zr-2 65 18 2.2 > 6 000 000 - 135 
7a Zr-2 80 21 3.7 4 200 000 1.6 131 
8a Zr-3 80 113 0.8 440 000 2.2 129 
9b Zr-2(CH3)2 50 30 2.0 1 000 000 2.9 129 
a 500 mL autoclave, total volume of reaction mixture: 250 mL of toluene, [catalyst] = 
2×10-5 mol L-1, catalyst:MAO = 1:2000, t = 1 h, 4 bar of E unless specified. b 
Catalyst:[Ph3C]
+[B(C6F5)4]
-:AliBu3 = 1:1:350. 
c Activity in kg of polymer mol-1catalyst
 h-1 
bar-1. d Determined by 13C NMR analysis. e Molecular weight (Mn) and polydispersity 
index (PDI) determined by HT-GPC in 1,2,4-trichlorobenzene vs. PS. f Measured by 
DSC. 
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Figure 2.21 1H NMR spectra of PE prepared by a) Zr-1/MAO at 80 ºC and b) Zr-
2/MAO at 80 ºC (1,1,2,2-tetrachloroethane-d2). 
 
 
Figure 2.22 13C NMR spectra of PE prepared by a) Zr-1/MAO at 80 ºC and b) Zr-
2/MAO at 80 ºC. The signal at δ = 120.5 ppm stems from the impurity in 1,1,2,2-
tetrachloroethane-d2. 
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Cationic group 4 transition-metal alkyl complexes have been reported to exhibit high 
catalytic activity and efficient incorporation of bulky comonomers in the absence of 
aluminum co-catalysts.[25-26],[76-77] However, none of in situ generated cationic 
complexes [Zr-2(CH3)]
+, [Zr-2(Bn)]+ or [Zr-2(CH2SiMe3)]
+[B(C6F5)4]
- was capable of 
homopolymerizing E or copolymerizing E with NBE to yield high molecular weight 
polymers without the involvement of aluminum alkyl activators. For reasons, vide 
infra.  
Upon in situ activation with [Ph3C]
+[B(C6F5)4]
- and triisobutylaluminum (AliBu3),
[78-
85],[86-87] Zr-2(CH3)2 exhibited activity of 30 kg of polymer mol
-1
catalyst
 h-1 bar-1 in E 
homopolymerization (Table 2.9, entry 9), which is higher than the activity of Zr-
2/MAO (14 kg of polymer mol-1catalyst
 h-1 bar-1) under similar condition (Table 2.9, entry 
5). The PE prepared from Zr-2(CH3)2/[Ph3C]
+[B(C6F5)4]
-/AliBu3 showed vinyl terminals 
in 1H NMR (Figure S5); the PE itself was mainly linear with 2 branches/1000 carbons 
as estimated by 13C NMR (Figure 2.23). As discussed aboved, the side long-chain is 
plausible. 
 
 
Figure 2.23 13C NMR spectrum of PE produced by Zr-2(CH3)2/[Ph3C]
+[B(C6F5)4]
-
/AliBu3 at 50 ºC (Table 2.9, entry 9). The signal at δ = 120.5 ppm stems from the 
impurity in 1,1,2,2-tetrachloroethane-d2. 
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2.8 Norborn-2-ene (NBE) Homopolymerization  
Catalysts Zr-1, Hf-1, Zr-2 and Zr-3 were activated with MAO and used in the 
homopolymerization of NBE. While the model catalyst Zr-3 did not produce any 
appreciable amount of poly(NBE), Zr-1, Hf-1 and Zr-2 allowed for the synthesis of 
the target polymers (Table 2.10). Both Zr-1 and Zr-2 produced high molecular weight 
poly(NBE), albeit with low productivity (5-7 kg of polymer mol-1catalyst
 h-1). Interestingly, 
polymers with an extraordinarily high cis-content (up to 95%) were obtained which 
did not contain any VIP-derived NBE sequences (Figure 2.24 and S6-S8). The 
measured Tg values are in line with those for high cis-poly(NBE). 
 
Table 2.10 Results for NBE homopolymerization by the action of Zr-1, Hf-1 and Zr-2 
activated by MAOa. 
# Cat. 
T 
(°C) 
Ab 
Mn
c 
(g mol-1) 
PDIc 
Tg
d 
(ºC) 
cise 
(%) 
Typef 
1 Zr-1 50 5 40 000 1.2 35 75 ROMP 
2 Zr-1 65 6 160 000 1.4 48 90 ROMP 
3 Hf-1 50 42 120 000 2.1 55 96 VIP:ROMP=0.3:100 
4 Hf-1 65 18 52 000 2.6 55 90 VIP:ROMP=0.9:100 
5 Zr-2 50 5 120 000 2.5 45 86 ROMP 
6 Zr-2 65 7 200 000 1.5 37 95 ROMP 
a 100 mL Schlenk flask, total volume of reaction mixture: 50 mL of toluene, [catalyst] 
= 1×10-4 mol L-1, catalyst:MAO:NBE = 1:2000:10000, t = 1 h. b Activity in kg of 
polymer mol-1catalyst
 h-1. c Molecular weight (Mn) and polydispersity index (PDI) 
determined by HT-GPC in 1,2,4-trichlorobenzene vs. PS. d Measured by DSC. e 
Determined by 1H NMR in 1,1,2,2-tetrachloroentane-d2. 
f Determined by 13C NMR in 
1,1,2,2-tetrachloroentane-d2. 
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Figure 2.24 a) 1H NMR and b) 13C NMR spectra of poly(NBE)ROMP produced by Zr-
2/MAO at 65 ºC in 1,1,2,2-tetrachloroentane-d2 (Table 2.10, entry 6). 
 
 
Figure 2.25 a) 1H NMR and b) 13C NMR spectra of poly(NBE)VIP-co-poly(NBE)ROMP 
produced by Hf-1/MAO at 65 ºC (Table 2.10, entry 4).  
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Importantly, poly(NBE) prepared by the action of Hf-1/MAO contains both ROMP and, 
to a very minor extent, VIP-derived sequences (Figure 2.25 and S9). Productivities 
are also substantially higher than those for Zr-1 and Zr-2. Also in line with a VIP-
derived polymer block, the Tg values are higher than those of Zr-1 and Zr-2-derived 
poly(NBE). The data presented here clearly show that catalysts Zr-1, Zr-2 and Hf-1 
containing the 6-[2-(R2B)phenyl]pyrid-2-ylamido motif are ROMP-active, while 
systems that lack this motif are not (Zr-3). 
 
Table 2.11 Results for NBE homopolymerization (ROMP) by the action of Zr-2(CH3)2, 
Zr-2(Bn)2 and Zr-2(CH2SiMe3)2 activated by [Ph3C]
+[B(C6F5)4]
-a.  
# Cat. 
T  
(°C) 
Ab 
Mn
c 
(g mol-1) 
PDIc 
Tg
d 
(ºC) 
cise 
(%) 
1 Zr-2(CH3)2 50 10 170 000 2.7 58 85 
2 Zr-2(CH3)2 65 12 92 000 2.5 56 71 
3 Zr-2(CH3)2 80 45 10 000 1.6 47 52 
4 Zr-2(Bn)2 50 2 -  -
  48 69 
5 Zr-2(Bn)2 65 10 100 000 3.1 53 70 
6 Zr-2(Bn)2 80 140 14 000 2.2 39 72 
7 Zr-2(CH2SiMe3)2 50 5 200 000 2.1 45 72 
8 Zr-2(CH2SiMe3)2 65 10 43 000 1.1  50 71 
9 Zr-2(CH2SiMe3)2 80 9 21 000 1.9 53 61 
a 100 mL Schlenk flask, total volume of reaction mixture: 50 mL of toluene, [catalyst] 
= 1×10-4 mol L-1, catalyst:[Ph3C]
+[B(C6F5)4]
-:NBE = 1:1:10 000, t = 1 h. b Activity in kg 
of polymer mol-1catalyst h
-1. c Molecular weight (Mn) and polydispersity index (PDI) 
determined by HT-GPC in 1,2,4-trichlorobenzene vs. PS. d Measured by DSC. e 
Determined by 1H NMR analysis in 1,1,2,2-tetrachloroentane-d2. 
 
Surprisingly, in situ generated [Zr-2(CH3)]
+, [Zr-2(Bn)]+ and [Zr-
2(CH2SiMe3)]
+[B(C6F5)4]
- were capable of ROMP of NBE which were carried out in 
toluene at different temperatures (Table 2.11). Notably, productivity of [Zr-
2(Bn)]+[B(C6F5)4]
- at 80 ºC was remarkably higher (140 kg of polymer mol-1catalyst h
-1) 
than that of [Zr-2(CH3)]
+ and [Zr-2(CH2SiMe3)]
+[B(C6F5)4]
-, which is attributable to a 
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higher propensity of [Zr-2(Bn)]+ to form Zr=CHPh. Interestingly, all polymers were 
purely ROMP-derived poly(NBE) and did not contain any VIP-type poly(NBE) as 
evidenced by 13C NMR (Figure 2.26b, S10b-S12b). The cis-content of the polymers 
increased with decreasing polymerization temperature (52 < cis < 85%, Figure 2.26a, 
S10a-S12a) and correlates with Tg
[88]; however, it was lower than that in poly(NBE)s 
prepared by the action of Zr-2/MAO (86 < cis < 95%) (Table 2.10, entries 5-6). This 
points towards stronger ion pairing of the cations with MAO than with the [B(C6F5)4]
- 
anion and consequently a significant influence of the large MAO on the geometry of 
the active centers.  
 
 
Figure 2.26 a) 1H NMR and b) 13C NMR spectra of poly(NBE)ROMP produced by Zr-
2(CH3)2/[Ph3C]
+[B(C6F5)4]
- at 50 ºC (1,1,2,2-tetrachloroethane-d2) (Table 2.11, entry 
1). 
 
In terms of mechanism, the formation of poly(NBE)ROMP must proceed by the 
formation of zirconium alkylidenes,[58-63],[89-96] promoted by the approach of NBE 
molecules or by the NBE insertion into the metal-carbon bond of the parent cationic 
system followed by α–H abstraction, vide infra. However, no alkylidene species were 
spectroscopically detectable. Obviously, only minor amounts of the corresponding 
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cations convert into alkylidenes. The comparatively high polydispersity indexes are 
tentatively attributed to secondary metathesis, i.e. to back-biting. 
 
2.9 Copolymerization of Ethylene (E) with Cyclopentene (CPE) 
The copolymerization of E with CPE was conducted by both Zr-1/MAO and Zr-
2/MAO at various temperatures and CPE concentrations (Table 2.12). 
Catalytic activities of Zr-1/MAO increased by a factor of 7 from 32 to 228 kg mol-
1
catalyst
 h-1 bar-1 when the concentration of CPE increased from 0 to 1.0 mol L-1 (Table 
2.12, entries 1-4). In this case, no CPE incorporation was observed by NMR 
spectroscopy. Besides, Mn decreased to 270 000 g mol
-1, as did Tm from 137 to 132 
ºC. A further increase in the CPE concentration to 4.0 mol L-1 resulted in a reduced 
activity (Table 2.12, entry 5). Obviously, too high concentrations of CPE block the 
active sites for ethylene. With increasing temperature, activities increased from 180 
to 265 kg mol-1catalyst
 h-1 bar-1 (Table 2.12, entries 3 and 6) with a decrease in Mn to 
120 000 g mol-1 (PDI = 2.1). A slight increase in activity was also observed for pre-
catalyst Zr-3 (Table 2.12, entries 13-14). Figure 2.27 shows the 13C NMR spectrum 
of poly(E)-co-poly(CPE) prepared by the action of Zr-1/MAO at 80 ºC. Approximately 
0.2 mol-% of CPE incorporation was observed. Apart from the signal for linear PE at 
δ = 29.7 ppm, those at δ = 21.3 (C4), 30.4 (C3,5) and 42.4 ppm (C1,2) stem from 1,2-
incorporated CPE units. No signals for 1,3-incorporated CPE were observed.[97-99]  
 
Table 2.12 Results for E-CPE copolymerization by the action of Zr-1, Zr-2 and Zr-3 
activated by MAOa.  
# Cat. 
CPE  
(mol L-1) 
T  
(ºC) 
Ab 
CCPE
c  
(mol-%) 
Mn
d  
(g mol-1) 
PDId 
Tm
e  
(ºC) 
1 Zr-1 0 50 32 0 > 6 000 000 - 137 
2 Zr-1 0.04 50 63 <0.1 > 6 000 000 - 136 
3 Zr-1 0.4 50 180 <0.1 290 000 2.5 132 
4 Zr-1 1.0 50 228 <0.1 270 000 2.7 132 
5 Zr-1 4.0 50 129 <0.1 240 000 3.1 133 
6 Zr-1 0.4 80 265 0.2 120 000 2.1 134 
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7 Zr-2 0 50 14 0 > 6 000 000 - 136 
8 Zr-2 0.04 50 44 <0.1 760 000 1.8 136 
9 Zr-2 0.4 50 110 <0.1 500 000 1.9 138 
10 Zr-2 1.0 50 15 <0.1 580 000 2.0 136 
11 Zr-2 2.0 50 6 0.3 > 6 000 000 - 135 
12  Zr-2 0.4 80 55 <0.1 310 000 2.1 136 
13 Zr-3 0 80 113 0 440 000 2.2 129 
14  Zr-3 0.4 80 183 <0.1 110 000 5.2 139 
a 250 mL of toluene (including the volume of monomer), 4 bar of E, t = 1 h, [catalyst] 
= 2×10-5 mol L-1 , catalyst:MAO = 1:2000. b Activity in kg of polymer mol-1catalyst
 h-1 bar-
1. c CPE content in the copolymer [mol-%] as estimated by 13C NMR spectroscopy. d 
Molecular weight (Mn) and polydispersity index (PDI) determined by HT-GPC in 
1,2,4-trichlorobenzene vs. PS. e Measured by DSC. 
 
 
Figure 2.27 13C NMR spectrum of poly(E)-co-poly(CPE) prepared by Zr-1/MAO at 80 
ºC (Table 2.12, entry 6). The signal at δ = 120.5 ppm stems from the impurity in 
1,1,2,2-tetrachloroethane-d2. 
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Both β-hydride elimination and chain transfer to E would lead to terminal vinyl groups. 
Similarly, α–H elimination after CPE insertion followed by cross metathesis with E 
would result in terminal exo-methylidenecyclopentane moieties.[3] However, neither is 
visible. This and the low CPE incorporation (≤ 0.2 mol-%) further support our 
proposal[3,99] that CPE acts as a stabilizing agent in E-polymerization, which can 
coordinate to and stabilize the cationic metal center. Such coordination, however, 
blocks the active sites and promotes the transfer of the polymer chain to the 
aluminum in MAO as indicated by a decrease in Mn with increasing CPE 
concentration.  
In the copolymerization of E with CPE by the action of Zr-2/MAO, an approximately 
8-fold increase in activity was observed with increasing CPE concentration, again 
accompanied by a decrease in Mn (Table 2.12, entries 7-9). A further increase in 
CPE concentration from 0.4 to 2.0 mol L-1 resulted in a reduced activity. 
Concomitantly, β-hydride elimination and/or transfer to ethylene is suppressed as 
evidenced by an increase in Mn (Table 2.12, entries 10 and 11). Using a CPE 
concentration of 2.0 mol L-1, linear PE with 0.3 mol-% 1,2-incorporated CPE was 
detected, again without any 1,3-insertion. The signals at δ = 22.6, 31.6 and 42.9 ppm 
are assigned to C4, C3,5 and C1,2, respectively (Figure S13). 
 
2.10 Copolymerization of Ethylene (E) with Norborn-2-ene (NBE)  
In NBE homopolymerizaiton, predominantly cis-, ROMP-derived poly(NBE) was 
obtained and the block polymer, i.e. poly(NBE)ROMP-co-poly(NBE)VIP, was nearly 
invisible. To check for their VIP/ROMP propensity, pre-catalysts Zr-1, Hf-1, Zr-2, Ti-2 
and Zr-3, all activated by MAO, were used in the copolymerization of E with NBE. 
Polymerization results are summarized in Table 2.13. Complex Ti-2´ (an isolated by-
product), upon activation with MAO, is inactive in E, NBE or E-NBE (co-
)polymerization probably as a result of its extraordinarily crowed ligand sphere which 
prevents any approach of olefin to the metal. 
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Table 2.13 E-NBE copolymerization results for Zr-1, Hf-1, Zr-2, Zr-3 and Ti-2 
activated by MAOa. 
# Cat. Cat.:NBE 
T/p 
(ºC)/bar 
Ab 
CROMP
c 
(mol-%) 
CVIP
c 
(mol-%) 
Mn
d 
(g mol-1) 
PDId 
Tm
e 
(ºC) 
1 Zr-1 1:10000 50/2 55 0 14.2 290 000 1.9 123 
2 Zr-1 1:10000 50/4 45 0 29.3 > 6 000 000 - 128 
3 Zr-1 1:20000 50/2 10 0 6.6 330 000 4.1 123 
4 Zr-1 1:20000 50/4 9 0 6.8 > 6 000 000 - 124 
5 Zr-1 1:20000 50/6 27 0 10.7 360 000 3.2 124 
6 Zr-1 1:20000 65/4 24 0 4.3 210 000 3.6 123 
7 Zr-1 1:20000 80/4 19 0 7.3 150 000 4.8 127 
8 Hf-1 1:10000 50/4 7 0 6.5 > 6 000 000 - 126 
9 Hf-1 1:20000 50/4 6 0 18.1 430 000 3.7 126 
10 Zr-3 1:10000 50/4 73 0 4.1 > 6 000 000 - 129 
11 Zr-3 1:20000 50/4 68 0 3.0 > 6 000 000 - 129 
12 Zr-2 1:10000 50/4 1 6 3 > 6 000 000 - 130 
13 Zr-2 1:20000 30/4 2 11 8 > 6 000 000 - 131 
14 Zr-2 1:20000 50/4 1 21 7 > 6 000 000 - 129 
15 Zr-2 1:20000 65/4 6 0 2.7 > 6 000 000 - 132 
16 Zr-2 1:20000 80/4 4 0 2.6 > 6 000 000 - 129 
17 Ti-2 1:10000 50/4 196 0 4.3 > 6 000 000 - 120 
18 Ti-2 1:20000 50/4 260 0 5.0 > 6 000 000 - 113 
a 250 mL of toluene (including the volume of monomer), t = 1 h, [catalyst] = 2×10-5 
mol L-1, catalyst:MAO = 1:2000. b Activity in kg of polymer mol-1catalyst
 h-1 bar-1. c NBE 
content (ROMP and VIP) in the copolymer [mol-%] as estimated by 13C NMR 
spectroscopy. d Molecular weight (Mn) and polydispersity index (PDI) determined by 
HT-GPC in 1,2,4-trichlorobenzene vs. PS. e Measured by DSC. 
 
With Zr-1/MAO (Table 2.13, entries 1-7), activity decreased with increasing NBE 
concentration. This effect can be counterbalanced by an increase in E-pressure. Up 
to 29.3 mol-% of NBE could be incorporated into the copolymer. The following 
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equation[100-101] is utilized to calculate the content of NBE incorporation in the 
copolymers from 13C NMR. 
 
CNBE (mol-%)=
1/3(I2,3+I1,4+2I7)
ICH2
*100 
 
The 13C NMR spectrum (Figure 2.28) shows the characteristic signals for both 
alternating (E-NBE-E-NBE) and isolated sequences (E-NBE-E-E) at δ = 47.8, 47.2 
(C2/C3), 42.0, 41.5 (C1/C4), 33.0 (C7) and 30.7-29.7 ppm (C5/C6, PE).
[102-103] While 
one cannot distinguish between alternating syndiotactic (alt-st) and isolated NBE 
sequences and therefore not judge on the extent of syndiotacticity, the alternating 
isotactic (alt-it) units are those that must be expected from a centrosymmetric 
catalyst such as Zr-1. Signals for NBE diads (E-NBE-NBE-E) or even NBE triads (E-
NBE-NBE-NBE-E) were absent. None of these copolymers showed signals for 
ROMP-derived poly(NBE).  
 
 
Figure 2.28 13C NMR spectrum of poly(E)-co-poly(NBE)VIP produced by Zr-1/MAO 
(Table 2.13, entry 2) (in 1,1,2,2-tetrachloroethane-d2).  
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For the copolymers obtained by the catalytic system Hf-1/MAO, up to 18.1 mol-% 
VIP-derived poly(NBE) was realized at high NBE concentration (Table 2.13, entry 9, 
Figure S14). Generally, catalytic activities were lower than those for Zr-1/MAO. 
Again, no signals for ROMP-derived poly(NBE) were found in these copolymers. As 
anticipated, the aminoborane motif-free catalyst Zr-3 also produced only VIP-derived 
poly(NBE)-co-poly(E), albeit with a lower NBE incorporation (Table 2.13, entries 10-
11, Figure S15) compared to Zr-1 under identical conditions (Table 2.13, entries 2 
and 4). However, activities were higher than those by Zr-1/MAO, probably due to the 
sterically less encumbered nature of Zr-3. 
In contrast to Zr-1 and Hf-1, Zr-2 allows the synthesis of copolymers containing 
blocks of both ROMP- and VIP-derived poly(NBE) sequences in the same polymer 
chain.  At low NBE concentration ([NBE] = 0.2 mol L-1), poly(NBE)ROMP-co-
poly(NBE)VIP-co-poly(E) with a block ratio of 6:3:91 (Table 2.13, entry 12, Figure 
S16-S17) was obtained. An increase in NBE concentration ([NBE] = 0.4 mol L-1) 
resulted in a further increase in the proportion of ROMP- and VIP-derived poly(NBE) 
units with ratios of 11:8:81 and 21:7:72 (Table 2.13, entries 13 and 14, Figure 2.29 
and S18-S19) at 30 ºC and 50 ºC, respectively. An increase in polymerization 
temperature to 65 ºC and 80 ºC produced VIP-derived poly(NBE)-co-poly(E) with 2.7 
mol-% and 2.6 mol-% NBE incorporation (Figure S20). Notably, the molecular 
weights of these copolymers were all > 6 000 000 g mol-1. Such high molecular 
weights are indicative for polymerizations with almost no β-hydride elimination or 
transfer to the monomer.  
In order to shed light on the polymer structure, the 13C NMR spectrum of 
poly(NBE)ROMP-co-poly(NBE)VIP-co-poly(E) was compared to the one of 
poly(NBE)ROMP and poly(NBE)VIP-co-poly(E) (Figure 2.29). Signals at δ = 47.0 (C2,3), 
41.5 (C1,4), 32.9 (C7) ppm are assignable to alt-st/isolated VIP-derived E-NBE 
sequences while the one at δ = 29.7 ppm corresponded to PE sequences. Signals at 
δ = 47.7 and 41.9 ppm, which could be assigned to alt-it E-NBE diads, were absent. 
Most importantly, signals at δ = 134.2, 133.1, 42.8, 38.8 and 33.5 ppm that can 
unambiguously be assigned to poly(NBE)ROMP were observed even after extensive 
extraction by THF, which is known to dissolve pure ROMP-derived poly(NBE). 
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Figure 2.29 13C NMR spectra of a) poly(NBE)ROMP, b) poly(NBE)VIP-co-poly(E) (Table 
2.13, entry 1) and c) poly(NBE)ROMP-co-poly(NBE)VIP-co-poly(E) (Table 2.13, entry 14) 
in 1,1,2,2-tetrachloroethane-d2. 
 
All together, poly(NBE)ROMP-co-poly(NBE)VIP sequences must be present in the same 
polymer chain, which suggests the incorporation of ROMP-derived poly(NBE) units in 
the chain through an α-H elimination process. Further evidence comes from the 
absence of any glass transition attributable to a poly(NBE)ROMP homopolymer. Most 
vinylic carbons in the segment of the ROMP-type poly(NBE), surprisingly, were 
observed in the cis-configuration, and signals at δ = 133.1 or 43.2 ppm belonging to 
trans-C2,3 or C1,4 repeat units were almost invisible. For mechanistic implications, 
vide infra. In contrast to poly(NBE)ROMP-co-poly(NBE)VIP-co-poly(E) prepared by the 
action of (η5-tetramethylcyclopentadienyl)dimethylsilyl(6-[2-(diethylboryl)phenyl]pyrid-
2-yl)amido-TiCl2 (Ti-A),
[2] Zr-2 containing the more bulky 6-[2-
(dimesitylboryl)phenyl]pyrid-2-ylamido motif allows only for lower NBE incorporation, 
which further supports the argument about sterics. Also in line with increased sterics, 
higher molecular weights (Mn > 6 000 000 g mol
-1) were obtained with Zr-2/MAO. 
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In contrast to Zr-2, pre-catalyst Ti-2 upon activation with MAO produced only 
poly(NBE)VIP-co-poly(E) which did not contain any ROMP-type poly(NBE) (Figure 
2.30 and S21). The NBE incorporation is low (4.3 and 5.0 mol-%, respectively) 
regardless of extraordinarily high productivity which is up to 260 kg of polymer mol-
1
catalyst
 h-1 bar-1. The high activity could be explained by the absence of the N-B bond 
in Ti-2 resulting in the more open sphere around the metal and the absence of the 
coordination of the pyridine to Ti leading to a more electrophilic metal center. The low 
propensity of Ti-2 to promote the ROMP of NBE is probably as a consequence of the 
instability of the metal alkylidene in the presence of E as well as the interaction of the 
free pyridine with MAO, thus blocking the α-H elimination process. 
 
 
Figure 2.30 13C NMR spectrum of poly(E)-co-poly(NBE)VIP produced by Ti-2/MAO 
(Table 2.13, entry 18) in 1,1,2,2-tetrachloroethane-d2. 
 
Upon in situ activation with [Ph3C]
+[B(C6F5)4]
- and AliBu3,
[78-85],[86-87] Zr-2(CH3)2, Zr-
2(Bn)2 and Zr-2(CH2SiMe3)2 showed moderate catalytic activity in E-NBE 
copolymerization ranging from 15 to 80 kg of polymer mol-1catalyst
 h-1 bar-1 (Table 2.14, 
entries 1-5), which is significantly higher than the activity of Zr-2/MAO (≤ 4 kg of 
polymer mol-1catalyst
 h-1 bar-1) under similar conditions (Table 2.13, entries 12-16).  
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Table 2.14 Results for E-NBE copolymerization by the action of Zr-2(CH3)2, Zr-
2(Bn)2 and Zr-2(CH2SiMe3)2 activated by [Ph3C]
+[B(C6F5)4]
-/AliBu3
a and MAOb. 
# Cat. 
T 
(ºC) 
Ac 
CNBE
d  
(mol-%) 
Mn
e  
(g mol-1) 
PDIe 
Tm
f  
(ºC) 
1a Zr-2(CH3)2 30 15 1.7 570 000 2.6 131 
2a Zr-2(CH3)2 50 60 1.5 300 000 4.3 129 
3a Zr-2(CH3)2 80 42 1.7 32 000 7.6 129 
4a Zr-2(Bn)2 50 80 0.5 340 000 6.3 131 
5a Zr-2(CH2SiMe3)2 50 45 2.0 > 6 000 000 - 130 
6b Zr-2(CH3)2 50 4 1.1 > 6 000 000 - 125 
7b Zr-2(Bn)2 50 4 2.0 640 000 2.7 128 
8b Zr-2(CH2SiMe3)2 30 5 3 490 000 2.5 123 
9b Zr-2(CH2SiMe3)2 50 7 25 220 000 2.4 121 
10b Zr-2(CH2SiMe3)2 80 3 19 660 000 4.6 126 
a 250 mL of toluene (including the volume of monomer), t = 1 h, [catalyst] = 2×10-5 
mol L-1, catalyst:[Ph3C]
+[B(C6F5)4]
-:AliBu3:NBE = 1:1:350:20 000, pethylene = 4 bar. 
b 
Catalyst:MAO:NBE = 1:2000:20 000, pethylene = 4 bar. 
c Activity in kg of polymer mol-
1
catalyst
 h-1 bar-1. d NBE content in the copolymer [mol-%] as estimated by 13C NMR 
spectroscopy. e Molecular weight (Mn) and polydispersity index (PDI) determined by 
HT-GPC in 1,2,4-trichlorobenzene vs. PS. f  Measured by DSC. 
 
It is worth noting that Zr-2(Bn)2 exhibited the highest productivity (80 kg of polymer 
mol-1catalyst
 h-1 bar-1) in E-NBE copolymerization, in line with its highest activity in NBE 
homopolymerization (vide supra). This high activity of [Zr-2(Bn)]+[B(C6F5)4]
- might be 
attributed to a reversible 2-1 rearrangement of the benzylic group, which stabilizes 
the active sites and reduces deactivation.[28] Generally, NBE incorporation into the 
copolymers was low (≤ 2 mol-%) compared to the one obtained with Zr-2/MAO (28 
mol-%) under similar conditions (Table 2.13, entry 14).  
Solely VIP-derived poly(NBE) moieties were observed in poly(E)-co-poly(NBE) 
(Figure 2.31). The characteristic resonances at δ = 47.0 (C2/C3), 41.5(C1/C4) and 
32.9 (C7) ppm are assignable to alternating syndiotactic (alt-st, E-NBE-E-
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NBE)/isolated (E-NBE-E-E) VIP-derived sequences while the signal at δ = 29.5 ppm 
corresponds to PE sequences.[102-103] Also, no signals for alternating isotactic (alt-it, 
E-NBE-E-NBE) units, NBE diads (E-NBE-NBE-E) or triads (E-NBE-NBE-NBE-E) 
were observed. Although the alt-st and isolated NBE sequences cannot be 
distinguished as a result of overlapping signals, it is with respect to the low NBE 
incorporation and the bulky ligand sphere reasonable to propose isolated NBE 
sequences. 13C NMR analysis proved that PE sequences in the copolymers were 
mostly linear with low degrees of branching (~ 1 branch per 1000 carbons), indicative 
for a low β-hydride elimination and chain-walking propensity. In addition, a terminal 
vinyl group was observed in all PEs of E-NBE copolymers as clearly demonstrated 
by multiplets at δ = 5.9 and 5.0 ppm in the 1H NMR spectrum (Figure S22) and at δ = 
139.3 and 114.1 ppm in the 13C NMR spectrum[3] (Figure 2.31). 
 
 
Figure 2.31 13C NMR spectrum of poly(E)-co-poly(NBE)VIP produced by Zr-
2(CH3)2/[Ph3C]
+[B(C6F5)4]
-/AliBu3 at 80 ºC (Table 2.14, entry 3). The signal at δ = 
120.5 ppm stems from the impurity in 1,1,2,2-tetrachloroethane-d2. 
 
In combination with the melting point (Tm) of poly(E)-co-poly(NBE), which ranged 
from 129 to 131 ºC and a single peak in the GPC, the structure of the copolymers 
produced by Zr-2(CH3)2, Zr-2(Bn)2 and Zr-2(CH2SiMe3)2 activated with 
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[Ph3C]
+[B(C6F5)4]
- and AliBu3 was VIP-type poly(E)-co-poly(NBE) with few branches 
(Figure 2.31-2.32, S23-S25). With Zr-2(CH3)
+/AliBu3, an increase in polymerization 
temperature from 30 to 80 ºC resulted in a dramatic decrease in molecular weight 
(Mn) from 570 000 to 32 000 g mol
-1 and a significant increase in the polydispersity 
index (PDI) from 2.6 to 7.6, indicative for substantial β-hydride elimination/chain 
transfer to monomer. 
 
 
Figure 2.32 DSC curves for poly(NBE)VIP-co-poly(E) produced by Zr-
2(CH3)2/[Ph3C]
+[B(C6F5)4]
-/AliBu3 (Table 2.14, entries 1-3). 
 
Generally, AlR3 plays an essential role in the polymerization process. In VIP, 
heterobimetallic complexes termed as [LnM(-R)2AlR2]
+ are considered to be the 
dormant species.[28],[104-106] Consequently, subsequent dissociation of AlR3 to form 
metal alkyl cations is the key step in olefin polymerization.[28],[107] The reversible 
coordination/decoordination of the pyridyl group in Zr-2 (Figure 2.17 and S1-S2) is 
considered to play a crucial role in the α–proton abstraction/addition process. Unlike 
Zr-2, Zr-2(CH3)2 displays only the “open” structure with no pyridyl coordination to 
boron as evidenced by 11B NMR[64-66] (Figure S26), which is attributed to the electron 
richer nature of the complex. The boron signals in the 11B NMR of Zr-2(Bn)2 and Zr-
2(CH2SiMe3)2 are too weak and do not allow any conclusive structural assignment 
(i.e. coordinated vs. non-coordinated). However, in view of the similar electronic 
nature of the benzyl and CH2SiMe3 groups and the solid state structures it is 
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reasonable to assume that the pyridine group is not coordinated to boron in the 
temperature range of polymerization.  
The finding that [Zr-2(R)]+[B(C6F5)4]
- (R = CH3, Bn, CH2SiMe3) forms ROMP-derived 
poly(NBE) in the absence but not in the presence of AliBu3 and that [Zr-
2(R)]+[B(C6F5)4]
- (R = CH3, Bn, CH2SiMe3) does form VIP-derived poly(NBE)-co-
poly(E) in the presence but not in the absence of AliBu3 strongly suggests that Al
iBu3 
binds to the pyridyl-moiety in Zr-2(R)+, thereby terminating its capability to induce α-
hydrogen abstraction, a process that occurs in the absence of AliBu3. Accordingly, 
the cationic complexes are capable of forming VIP-derived poly(NBE)-co-poly(E) in 
the presence of AliBu3, but not in its absence. In the absence of Al
iBu3, α-H 
elimination dominates and poly(NBE)ROMP forms. Notably, the isolated diethyl ether 
adduct [Zr-2(CH3)Et2O]
+[B(C6F5)4]
- is inactive in NBE homopolymerization in the 
absence of AliBu3 and inactive in E-NBE copolymerization in the presence of
 AliBu3, 
which clearly reveals the irreversible blocking effect of Et2O on the coordination of 
olefin. It is also worth pointing out that any interaction between the metal and the 
[B(C6F5)4]
- anion, whether via the fluorines or via the phenyl-group itself, can be 
excluded to the greatest possible extent by the fact that the 19F NMR spectra of [Zr-
2(R)]+[B(C6F5)4]
- (R = CH3, Bn) do not show any differences to the one of 
[Ph3C]
+[B(C6F5)4]
- (Figure S27 and S88, S91, S94). All in all, the inability of Zr-2(R)+ 
(R = CH3, Bn, CH2SiMe3) to promote ROMP in the presence of
 AliBu3 and to promote 
vinyl insertion copolymerization of E with NBE in the absence of AliBu3 is attributed to 
the following three key features: (i) the instability of the alkylidenes in the presence of 
E, (ii) the blocking of the pyridyl ligand in Zr-2(R)+ by AliBu3 and (iii) the competition 
of a coordinating solvent for the coordination site. 
The performance of Zr-2(R)2/MAO (R = CH3, Bn, CH2SiMe3) in E-NBE 
copolymerization (Table 2.14, entries 6-10) was explored in comparison to the one of 
Zr-2/MAO (Table 2.13, entries 12-16) and [Zr-2(R)]+[B(C6F5)4]
-/AliBu3 (R = CH3, Bn, 
CH2SiMe3) (Table 2.14, entries 1-5). Catalytic activities were lower for the systems 
Zr-2(R)2/MAO (3-7 kg of polymer mol
-1
catalyst
 h-1 bar-1) and Zr-2/MAO (1-4 kg of 
polymer mol-1catalyst
 h-1 bar-1) compared to [Zr-2(R)]+[B(C6F5)4]
-/AliBu3 (15-80 kg of 
polymer mol-1catalyst
 h-1 bar-1), which is in line with literature reports[27-30] (vide supra). 
For the copolymers produced by Zr-2(CH3)2/MAO and Zr-2(Bn)2/MAO, only VIP-
derived poly(NBE)-co-poly(E) was obtained. Low NBE incorporation, i.e. 1.1 and 2.0 
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mol-%, respectively, was observed along with vinyl terminals and few long chain 
branches (Figure S28-S29). 
By contrast, Zr-2(CH2SiMe3)2/MAO produced copolymers with both ROMP- and VIP-
derived NBE units in the same polymer chain, that is poly(NBE)ROMP-co-poly(NBE)VIP-
co-PE. At 30 ºC, the ratio of poly(NBE)ROMP:poly(NBE)VIP:PE was 1:2:97 (Figure S30-
S31) and increased to 22:3:75 with increasing temperature (50 ºC) (Figure 2.33a, 
S32-S33). Again, terminal vinyl groups and few long chain branches were observed 
(Figure 2.34). A further increase in the temperature (80 ºC) resulted in a decrease in 
the proportion of ROMP-type poly(NBE) units in the copolymers (14:5:81) (Figures 
S34-S35).  
 
 
Figure 2.33 13C NMR spectra of a) poly(NBE)ROMP-co-poly(NBE)VIP-co-poly(E) 
produced by Zr-2(CH2SiMe3)2/MAO (Table 2.14, entry 9), b) poly(NBE)VIP-co-poly(E) 
produced by Zr-2(Bn)2/MAO (Table 2.14, entry 7) and c) poly(NBE)ROMP produced by 
Zr-2(CH2SiMe3)2/[Ph3C]
+[B(C6F5)4]
- (Table 2.11, entry 8). The signal at δ = 120.5 
ppm stems from the impurity in 1,1,2,2-tetrachloroethane-d2. 
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Signals at δ = 47.0 (C2,3), 41.5 (C1,4), 32.9 (C7) and 30.2-29.9 (C5,6) ppm can be 
attributed to alt-st/isolated VIP-derived poly(NBE) units; those at δ = 29.7 ppm are 
assignable to PE. As outlined above, isolated VIP-type NBE sequences interrupted 
by PE sequences are reasonable. This incapability to form consecutive VIP-derived 
NBE-NBE sequences also accounts for the finding that no VIP-derived sequences 
are visible in poly(NBE)ROMP. The signals at δ = 134.2, 133.2 (C2,3), 43.0, 38.8 (C1,4), 
42.8, 42.1, 41.4 (C7) and 33.5, 32.5 (C5,6) are unambiguously assignable to ROMP-
derived NBE sequences. In contrast to poly(NBE)ROMP-co-poly(NBE)VIP-co-PE 
prepared by a structurally similar complex Ti-A,[2] copolymers had a substantially 
higher trans-content with more tttt and cccc sequences (t = trans, c = cis). Notably, 
these signals prevail even after extensive hot extraction with THF. This together with 
the finding that poly(NBE)ROMP is a high cis-polymer but poly(NBE)ROMP-co-
poly(NBE)VIP-co-PE is predominantly trans and the unimodal GPC traces (Figure 
2.35) strongly suggest that the ROMP-derived sequences are part of the entire 
polymer chain. Further evidence for the proposed copolymer structure (Figure 2.33a) 
comes from the absence of any glass transition (Figure S36) attributable to pure 
poly(NBE)ROMP. This absence of any poly(NBE)ROMP-derived Tg in combination with 
the high incorporation of ROMP-derived poly(NBE) sequences (vide supra) also 
points towards a multi-block structure, however, without real proof. Our plausible 
explanation for the formation of this unique polymer structure is an α–H 
elimination/addition process which is outlined in Scheme 2.6. 
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Figure 2.34 1H NMR spectrum of poly(NBE)ROMP-co-poly(NBE)VIP-co-PE produced by 
produced by Zr-2(CH2SiMe3)2/MAO at 50 ºC in 1,1,2,2-tetrachloroethane-d2 (Table 
2.14, entry 9). 
 
 
Figure 2.35 HT-GPC traces of poly(NBE)ROMP-co-poly(NBE)VIP-co-PE produced by 
Zr-2(CH2SiMe3)2/MAO at 30, 50 and 80 ºC (Table 2.14, entries 8-10). 
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2.11 Mechanistic Studies 
As outlined above, both tri- and tetracoordinated boranes are present in Hf-1/MAO 
and Hf-1/MAO/NBE (Figure 2.19-2.20). Once MAO is added to Hf-1, the formation of 
methane (δ = 0.17 ppm at 25 °C, 0.13 ppm at 80 °C) occurs in the temperature range 
of 25-80 °C (Figure 2.36). At 60 °C, ethylene becomes visible, too (δ = 5.23 ppm at 
60 °C). At 25 °C, a weak but detectable signal at δ = 8.60 ppm (d, J = 8 Hz) can be 
observed, for which the aromatic hydrogens (Ar-H) in the methylated-Hf species with 
the “open” structure (free boryl group) appear reasonable with respect to the 
formation of tricoordinated borane for Hf-1 in the presence of MAO and, more 
importantly, the chemical resonances of Ar-H in complex Zr-2(CH3)2 (Figure S78-
S79). A terminal vinyl group can be identified at δ = 4.92 and 5.73 ppm in the range 
of 25-80 °C (Figure 2.37). The signal at δ = 5.73 ppm can clearly be assigned to a 
CH2=CH-CH2-R oligomer (for a comparison with 1-octene see Figure S37).  
 
 
Figure 2.36 Variable-temperature 1H NMR spectra of Hf-1/MAO in toluene-d8 (25-80 
ºC). 
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Figure 2.37 Variable-temperature 1H NMR spectra of Hf-1/MAO in toluene-d8 (4.80-
5.85 ppm, 25-80 ºC). 
 
The 1H NMR spectrum of Hf-1/MAO/NBE shows a weak but detectable signal at 
25 °C at δ = 8.49 ppm (d, J = 8 Hz) and 8.58 (d, J = 8 Hz) again assignable to Ar-H in 
the “open” methylated-Hf (Figure 2.38). The two doublets are probably a 
consequence of Ar-H in the mono- and di-methylation at Hf. Ethylene (δ = 5.24 ppm 
at 40 °C) can only be observed at T > 25 °C. Methane (δ = 0.16 ppm at 25 ºC) is 
produced in the range of 25-80 ºC (Figure 2.38).  The above-mentioned terminal 
vinyl group at δ = 4.92 and 5.73 ppm (CH2=CH-CH2-R species) remains visible in the 
range of 25-80 °C. It changes only slightly in intensity while ROMP-derived poly(NBE) 
(δ = 5.43 ppm (trans) and 5.26 (cis)) formed slowly but steadily (Figure 2.39). Thus, 
upon activation with MAO, Hf-1 must form a VIP-active cationic species that quickly 
consumes ethylene that is present in the system. α-H elimination results in the 
formation of a Hf-alkylidene, which upon reaction with E via cross metathesis forms a 
Hf-methylidene (Hf=CH2) and vinyl-terminated oligoethylenes. These oligomers are 
visible in the spectra in spite of the invisible Hf=CH2. Hf=CH2 then starts the ROMP 
of NBE. The low ROMP propensity of Hf-1 explains why only VIP-derived poly(NBE)-
co-poly(E) is produced in the copolymerization of E with NBE. 
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Figure 2.38 Variable-temperature 1H NMR spectra of Hf-1/MAO/NBE in toluene-d8 
(25-80 ºC). 
 
 
Figure 2.39 Variable-temperature 1H NMR spectra of Hf-1/MAO/NBE in toluene-d8 
(4.80-5.85 ppm, 25-80 ºC). 
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Figure 2.40 1H NMR spectra of catalyst/MAO and catalyst/MAO/NBE in toluene-d8 at 
60 ºC (4.7-5.9 ppm).   
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As outlined above, the boron in Zr-1 is fully coordinated to the nitrogen both in the 
solid state and in solution (Figure 2.5 and 2.13). Upon addition of MAO or MAO/NBE, 
the borane remains mostly tetracoordinated, however, some tricoordinated species 
become visible, too (Figure 2.14-2.15). This rather small amount of tricoordinated 
borane translates into a small amount of free pyridine, which in the presence of MAO 
is capable of starting the ROMP of NBE at elevated temperatures (Table 2.10). 
However, in case ethylene is present at the same time, no ROMP-derived structures 
are observed (Table 2.13). Obviously, similar to Hf-1, most of the catalyst forms a 
cationic alkyl complex after activation with MAO, resulting in poly(NBE)VIP-co-poly(E). 
Upon treatment of Zr-1 with MAO at -60 °C, methane (δ = 0.26 ppm at -60 °C, 0.17 
ppm at 20 °C) starts to evolve, a process that becomes more visible with increasing 
temperature. Clearly, the corresponding cationic species RR’Zr+-CH2-Al(CH3)-O- 
forms from RR’Zr+-CH3 and MAO (Figure S38-S39). Zr-1/MAO at 60 °C also shows 
vinyl-terminated oligoethylenes (Figure 2.40). In the presence of NBE, small 
amounts of poly(NBE)ROMP starts to form at -10 °C (cis:trans = 80:20) again 
accompanied by the formation of methane (Figure S40-S41). No Zr-alkylidene is 
observed, probably because its concentration is too low or the signal is overlapped 
by Ar-H. Zr-1/MAO/NBE at 60 °C again shows terminal vinyl groups, however, with 
somewhat different chemical shift from that of the oligoethylenes and multiplicity for 
the signal at δ = 5.67 ppm (Figure 2.40). This terminal vinyl group is considered to be 
adjacent to a 1,3-cyclopentylen ring, -(c-1,3-C5H8)-CH=CH2, which is believed to 
result from the reaction of a Zr-methylidene with NBE referring to the reaction 
sequence of Zr-B/MAO/NBE.[108] In addition, signals for poly(NBE)ROMP become 
visible (Figure 2.40). 
In contrast to Zr-1, the pyridyl group in Zr-2 is not coordinated to the boron in the 
solid state (Figure 2.7). In solution, equally substantial and comparable amounts of 
tri- and tetracoordinated boranes are observed, both in the absence and presence of 
MAO and NBE (Figure 2.17, S1-S2). Upon activation with MAO, an active cationic 
species forms via release of methane (Figure S42). Larger fractions of free pyridine 
favor α-H elimination and in the presence of NBE predominantly cis-poly(NBE)ROMP 
forms even at -50 °C (Figure S43). This is why Zr-2/MAO in the presence of both E 
and NBE produces poly(NBE)VIP-co-poly(NBE)ROMP-co-poly(E). No methane is visible 
even at elevated temperature. Again, no Zr-alkylidene is observed. 
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Scheme 2.6 Proposed mechanism for the switch between VIP and ROMP. 
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The proposed mechanism for the formation of poly(NBE)VIP-co-poly(NBE)ROMP-co-
poly(E) (path A: a switch from VIP to ROMP; path B: a switch from VIP to ROMP 
combined with from ROMP to VIP) is shown in Scheme 2.6. In path A, upon addition 
of MAO, the cationic species A-II forms from a metal dichloro or dialkyl complex A-I. 
Potentially, A-II can be stabilized by the coordination of the pyridine nitrogen. A-II can 
further react with MAO to produce methane and A-III, i.e. RR’Zr+-CH2-Al(CH3)-O-, 
which is inactive in the polymerization.[109-112] A-II can incorporate E and NBE to form 
A-IV in which E insertion is favored. This is in line with the high diffusivity of E in the 
resulting E-NBE copolymers. In path A, the catalyst initiates first vinyl-insertion 
copolymerization of E with NBE. Insertion of E or NBE in A-IV followed by an α-H 
elimination[3,96,113-114] promoted by the pyridine nitrogen through a six-membered 
transition state produces the Zr-alkylidene (A-V), which is a ROMP-active species. As 
outlined earlier,[2,18] substantial steric congestion and excess NBE are required to 
induce the switch from VIP to ROMP. In that respect, α-H involved in the elimination 
process of path A is possibly from the last insertion NBE molecule. A-V can now 
initiate the ROMP of NBE to generate A-VI, which is able to further start ROMP of 
NBE and form A-VII.  
In path B, the initial formation of zirconium alkylidene (Zr=CHR′, B-I) from the 
cationic species A-II is hypothesized. This process proceeds by an α-H abstraction 
probably induced by the pyridyl group. The opening of the N-B bond generates a 
sufficient fraction of free pyridine moiety that induces α-H elimination. In line with that, 
11B NMR shows apart from the parent tetracoordinated B atom, the formation of a 
tricoordinated B species indicates the dissociation of the N-B bond. Thus, the free 
pyridine moiety is believed to form through the generation of a tricoordinated boron 
species in the presence of MAO and MAO/NBE and initiate α-H elimination. 
Additionally, the immediate formation of ROMP-type poly(NBE) was observed in the 
1H NMR in the presence of MAO and NBE (Figure 2.40) and VIP-type poly(NBE) 
was invisible in the NBE homopolymerization (Table 2.10). Therefore, this system 
must experience the formation of the metal-alkylidene. B-I is able to initiate the 
ROMP of NBE to form B-II. In the presence of E, B-I can yield a Zr-methylidene 
(Zr=CH2, B-III) via cross metathesis, which is also ROMP-active. The previous 
observation that high NBE concentrations (Table 2.13, entries 12 and 14) are 
required to form any ROMP-derived sequences strongly suggests that cross 
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metathesis of any Zr-alkylidene with E to form Zr-methylidene is the predominant 
reaction in these systems. The transient Zr-methylidene (B-III) is presumably 
exhausted to most extent as a result of its low stability, e.g., via bimolecular 
decomposition resulting in the formation of ethylene.[108] This accounts for the low 
ROMP propensity and the low productivity of these pre-catalysts upon activation with 
MAO in the E-NBE copolymerization. As already outlined, this also accounts for the 
finding that no polymer is obtained in the copolymerization of E with NBE by the 
action of [Zr-2(CH3)]
+, [Zr-2(Bn)]+ or [Zr-2(CH2SiMe3)]
+[B(C6F5)4]
- in the absence of 
AliBu3. B-III is able to start the ROMP of NBE. As observed for Zr-B/MAO/NBE
[108] 
and Zr-1/MAO/NBE, a terminal vinyl group (B-IV) formed via reaction of Zr=CH2 with 
NBE can be clearly seen in the 1H NMR at δ = 4.86 and 5.67 ppm (Figure 2.40). B-II 
and B-IV are in principle capable of further initiating the ROMP of NBE to form B-V. 
Competition between the insertion of NBE and the re-formation of the N-B bond is 
proposed. The α-H addition to B-V generates the cationic VIP-active species B-VI, 
which is now able to insert E and NBE to form B-VII and again E incorporation is 
favored. The formation of vinyl terminals at PE sequences in poly(NBE)VIP-co-
poly(NBE)ROMP-co-poly(E) produced by Zr-2(CH2SiMe3)2/MAO could be explained by 
β–hydride elimination in B-VII. Alternatively, α–H elimination in B-VII followed by 
cross metathesis with E also provides a terminal vinyl group at PE in the block 
copolymers. 
Both mechanistic routes (path A and path B) are capable of producing E-NBE 
copolymers with both ROMP- and VIP-type sequences. Although it is difficult to 
distinguish them, path B appears more reasonable. The explanation is that the 
quaternary carbon (A-V and A-VI) was not observed in the resulting E-NBE 
copolymers. Moreover, VIP-type NBE-NBE diads in the copolymers produced by Zr-2 
and Zr-2(CH2SiMe3)2/MAO were invisible, which reveals the low propensity of the 
formation of A-VI from A-V as a result of highly steric hindrance around the metal 
center. Instead, B-IV was observed for Zr-B and Zr-1 in the presence of MAO and 
NBE[108] (Figure 2.40). In spite of the invisible B-IV for Hf-1 and Zr-2 in the presence 
of MAO and NBE, poly(NBE)ROMP was indeed found even at low temperature which 
must proceed by the formation of metal-alkylidene and then initiate the ROMP of 
NBE, which reveals the initial formation of a metal alkylidene is plausible. In addition, 
ethylene was observed (Figure 2.40), which is considered to be generated by 
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bimolecular decomposition of the Zr-methylidene B-III. Further implication comes 
from the vinyl terminals at PE sequences in the resulting block copolymers produced 
by Zr-2(CH2SiMe3)2/MAO (δ = 5.9, 5.0 ppm in 
1H NMR and δ = 139.3, 114.1 ppm in 
13C NMR). This vinyl end group is a consequence of β–hydride elimination or α-H 
elimination in combination with cross metathesis with E. This process is plausible in 
path B rather than in path A since the occurrence of this process in path A would 
result in either separate polymers instead of block copolymers (e.g., β–hydride 
elimination in VIP-active species A-IV) or the invisible terminal vinyls at PEs in the 
copolymers (e.g., cross metathesis of E with A-VI).  
The proposed switch from ROMP to VIP, i.e. α-H addition, is remarkable, since for 
such a step the pyridinium (Py-H+) moiety formed in course of α-H abstraction must 
be stable in the presence of MAO at least for a short time. In contrast to AliBu3 and 
most probably because of its size, MAO neither effectively blocks the pyridine moiety 
nor quickly deprotonates the Py-H+ moiety, which explains both for the ROMP 
propensity in the presence of MAO and the ROMP-inactivity in the presence of AliBu3. 
In fact, as outlined earlier,[2] higher MAO concentrations result in larger fractions of 
ROMP-derived units in E-NBE copolymers. Any additional α-H elimination in course 
of the copolymerization would regenerate the ROMP-active species, however, in 
view of the high propensity of the system to undergo cross metathesis with E (vide 
supra), only very few additional ROMP-derived poly(NBE) sequences can be 
expected to form (presumably < 1% with respect to the initial amount of pre-catalyst). 
Instead, because of the instability of the Zr-methylidenes at elevated temperature, 
polymerization quickly comes to an end, which is indeed observed. High NBE 
concentrations were found to stabilize the metal alkylidene in Zr-2 and to encourage 
ROMP of NBE resulting in high proportion of ROMP-derived poly(NBE) units in the 
copolymers (Table 2.13, entries 12 and 14). Vice versa, ethylene pressures > 4 bar 
shift the reaction towards VIP (Table 2.13, entries 15-16). 
All together, the data presented here are in line with the previous proposal,[2-3,18] 
which show that high NBE concentrations promote the ROMP process. In addition, a 
crowded ligand sphere around the metal as found in Zr-2 and Zr-2(CH2SiMe3)2 
favors the α-H elimination/addition process. The low propensity of pyridine to 
coordinate to boron in Zr-2 and Zr-2(R)2 (R = CH3, Bn, CH2SiMe3) clearly stems from 
the sterics provided by the mesityl groups at boron, which together with the η5-
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tetramethylcyclopentadienyl (Cp*) ligand simply prevents any extensive coordination. 
The Cp* ligand as a six-electron donor can sterically and maybe also electronically 
stabilize the metal alkylidene[115] and thus promote the ROMP of cyclic olefins. 
Whether the strong Lewis-base character of the Cp* moiety favors α-proton 
abstraction remains speculative. With respect to the sterics, the CH2SiMe3 group in 
the system Zr-2(CH2SiMe3)2/MAO is believed to provide substantial steric hindrance 
and to promote α-H abstraction. In view of the above discussed sterics, it is also not 
surprising at all that Hf-1 with minor steric constraints around the metal shows no 
tendency to switch from VIP to ROMP in the presence of E regardless of both VIP- 
and ROMP-derived poly(NBE) obtained in NBE homopolymerization (Table 2.10, 
entries 3-4). This and the fact that Zr-3 without a 6-(2-BR2-phenyl)pyrid-2-ylamido 
group does not show any ROMP-activity, neither for NBE nor for E-NBE, strongly 
support an involvement of the borylamino group that promotes an α-H abstraction 
process. Finally, apart from high NBE concentrations (catalyst:NBE > 1:5000), the 
bulky ligand sphere (mesityl groups at boron, Cp* and alkyl ligands at metal) and the 
crucial 6-(2-BR2-phenyl)pyrid-2-ylamido motif, copolymerizations must be MAO-co-
catalyzed catalyst, which ever, must allow for α-H elimination in order to observe 
ROMP-derived structures. This is in most copolymerization systems not the case. In 
fact, particularly industrial large-volume systems sometimes contain substantial 
amounts of aluminum alkyls, which not only promote chain transfer and increase 
productivity[116-118] but also effectively prevent the formation of any ROMP-active sites 
by blocking any Lewis-basic groups.  
The mechanistic studies here clearly support the formation of a Zr-alkylidene in the 
ROMP of NBE via pyridine-induced α-H abstraction and re-generation of a VIP-active 
species via an α-H addition. Other complexes bearing the 6-[2-BR2-phenyl]pyrid-2-
ylamido motif such as Zr-1, Hf-1, Ti-2, Zr-2(CH3)2 and Zr-2(Bn)2 can in principle also 
be capable of promoting the ROMP of NBE in the presence of E but might be too 
unstable toward E to allow for any ROMP-derived poly(NBE) structures under such 
conditions.  
While implications on the copolymerization of E with NBE using “standard” 
metallocenes are clear, the low polymerization activity remains a challenge. The 
highly constrained geometry of Zr-2 and Zr-2(CH2SiMe3)2 and the resulting low 
tendency to undergo α-H elimination together with the high propensity to undergo 
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cross-metathesis with E account for a very low productivity. In spite of improved 
activity of Ru-benzylidene catalysts in olefin metathesis, Zr-2(Bn)2/MAO shows no 
tendency to promote α–H elimination in the presence of E. The plausible approach to 
boost productivity is an internal olefin that forms a more stable alkylidene in course of 
cross metathesis with Zr-alkylidene. Additionally, internal olefins are unable to 
undergo VIP.  
 
2.12 Summary 
◇  Ansa-type dichloro complexes Zr-1, Hf-1, Ti-2 and Zr-2, all bridged by a 
dimethylsilylene group and bearing both a 6-[2-(BR2)phenyl]pyrid-2-ylamido (R = 
ethyl, mesityl) motif and an η1/η5–bound ligand with different Lewis base characters 
and steric demands, have been synthesized and characterized, as well as the model 
pre-catalyst Zr-3 which does not contain the borylamino motif.  
Dialkyl complexes Zr-2(CH3)2, Zr-2(Bn)2 and Zr-2(CH2SiMe3)2 based on 
modifications of Zr-2 have also been synthesized. These compounds are thermally 
stable and do not allow for the generation of alkylidenes, neither via thermolysis nor 
via the addition of phosphines. The corresponding cations were prepared in situ upon 
activation with [Ph3C]
+[B(C6F5)4]
-. 
◇ In E homopolymerization, Zr-1, Hf-1, Zr-2 and Zr-3 activated by MAO and Zr-
2(CH3)2 activated by [Ph3C]
+[B(C6F5)4]
-/AliBu3 are capable of yielding mainly HDPE 
with high molecular weights.  
◇ In NBE homopolymerization, predominantly cis-, ROMP-derived poly(NBE)s are 
obtained by the action of Zr-1, Hf-1 and Zr-2 upon activation with MAO. The 
aluminum-free monoalkyl cations [Zr-2(CH3)]
+, [Zr-2(Bn)]+ and [Zr-
2(CH2SiMe3)]
+[B(C6F5)4]
- are able to produce highly cis-, ROMP-derived poly(NBE)s 
instead of VIP-derived poly(NBE)s. The formation of alkylidenes is proposed in the 
systems dichloro-complexes/MAO and monoalkyl cationic complexes in the absence 
of any aluminum reagent. 
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◇  In the copolymerization of E with CPE, Zr-1 and Zr-2 display enhanced 
polymerization activities and produce poly(E)-co-poly(CPE) with 1,2-incorporated 
CPE.  
◇ In the copolymerization of E with NBE, neither Zr-1 nor Hf-1 nor Ti-2 shows 
tendency to undergo α-H elimination producing solely VIP-derived poly(NBE)-co-
poly(E) with up to 29.3 mol-% NBE incorporation. The aminoborane-free model 
catalyst Zr-3 also results in the formation of poly(NBE)VIP-co-poly(E) copolymers with 
a low NBE incorporation. 
Zr-2, which has mesityl substituents at boron and a crowded ligand sphere around 
the metal, upon activation with MAO allows the cis-selective synthesis of copolymers 
containing both ROMP- and VIP-derived poly(NBE) units within a single polymer 
chain resulting in a poly(NBE)ROMP-co-poly(NBE)VIP-co-poly(E) structure through an 
α–H elimination/addition process. Similar to Zr-2/MAO, Zr-2(CH2SiMe3)2/MAO yields 
poly(NBE)ROMP-co-poly(NBE)VIP-co-poly(E) containing mostly trans-poly(NBE) 
sequences. By contrast, Zr-2(CH3)2/MAO and Zr-2(Bn)2/MAO produce poly(NBE)VIP-
co-poly(E) without any ROMP-derived poly(NBE) sequences. The incapability of 
ROMP of NBE by Zr-1, Hf-1, Ti-2, Zr-2(CH3)2 and Zr-2(Bn)2 activated by MAO in the 
presence of E is attributed to the instability of any metal alkylidene and the high 
propensity to undergo cross-metathesis with E.  
Dialkyl complexes Zr-2(CH3)2, Zr-2(Bn)2 and Zr-2(CH2SiMe3)2 activated with 
[Ph3C]
+[B(C6F5)4]
- and AliBu3 exhibit moderate catalytic activity in E-NBE 
copolymerization, producing only VIP-type poly(NBE) and branched PE with vinyl 
terminals and does not contain any ROMP-derived poly(NBE) structures. These 
polymer structures are considered to be a result of the high propensity of AliBu3 to 
react with the pyridyl-moiety in Zr-2(R)+ (R = CH3, Bn, CH2SiMe3). 
The proposed mechanism for the formation of poly(NBE)ROMP-co-poly(NBE)VIP-co-
poly(E) via an α–H elimination/addition process, i.e. the switch from VIP to ROMP 
together with from ROMP to VIP is dicussed. The requirements that allow for tandem 
VIP–ROMP polymerization are concluded including the polymerization conditions of 
MAO-activation and high NBE concentrations as well as the structural demands of 
the crowed ligand sphere and the borylamido moiety in the catalysts. 
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◇ Variable-temperature 1H and 11B NMR allow for correlating the propensity of a 
pre-catalyst activated by MAO to form tricoordinated borane with its propensity to 
produce ROMP-derived structures inside the copolymer. A detailed NMR study of the 
reactions of Zr-1, Hf-1 and Zr-2 with MAO and with MAO/NBE offered insight into 
relevant intermediates in the proposed mechanism and allows for establishing a 
general concept for tandem VIP–ROMP copolymerization of E with NBE. 
 
2.13 References 
[1] M. R. Buchmeiser, Curr. Org. Chem., 2013, 17, 2764-2775. 
[2] M. R. Buchmeiser, S. Camadanli, D. Wang, Y. Zou, U. Decker, C. Kühnel, I. Reinhardt, Angew. 
Chem. Int. Ed., 2011, 50, 3566-3571. 
[3] Y. Zou, D. Wang, K. Wurst, C. Kühnel, I. Reinhardt, U. Decker, V. Gurram, S. Camadanli, M. 
R. Buchmeiser, Chem. Eur. J., 2011, 17, 13832-13846. 
[4] B. P. Carrow, K. Nozaki, Macromolecules, 2014, 47, 2541-2555. 
[5] T. C. M. Chung, Macromolecules, 2013, 46, 6671-6698. 
[6] M. Ciftci, P. Batat, A. L. Demirel, G. Xu, M. Buchmeiser, Y. Yagci, Macromolecules, 2013, 46, 
6395-6401. 
[7] J.-Y. Dong, Y. Hu, Coord. Chem. Rev., 2006, 250, 47-65. 
[8] N. M. Franssen, J. N. Reek, B. de Bruin, Chem. Soc. Rev., 2013, 42, 5809-5832. 
[9] G. Xu, D. Wang, M. R. Buchmeiser, Macromol. Rapid Commun., 2012, 33, 75-79. 
[10] M. Ciftci, S. Kork, G. Xu, M. R. Buchmeiser, Y. Yagci, Macromolecules, 2015, 48, 1658-1663. 
[11] Z. Jian, P. Wucher, S. Mecking, Organometallics, 2014, 33, 2879–2888. 
[12] K. E. Allen, J. Campos, O. Daugulis, M. Brookhart, ACS Catal., 2015, 5, 456–464. 
[13] A. C. Gottfried, M. Brookhart, Macromolecules, 2003, 36, 3085-3100. 
[14] S. D. Ittel, L. K. Johnson, M. Brookhart, Chem. Rev., 2000, 100, 1169-1203. 
[15] H. Leicht, I. Göttker-Schnetmann, S. Mecking, Angew. Chem. Int. Ed., 2013, 52, 3963-3966. 
[16] N. K. Boaen, M. A. Hillmyer, Chem. Soc. Rev., 2005, 34, 267-275. 
[17] M. A. Gauthier, M. I. Gibson, H.-A. Klok, Angew. Chem. Int. Ed., 2009, 48, 48-58. 
[18] G. Xu, G. V. Narayana, M. Speiser, D. Wang, Y. Zou, M. R. Buchmeiser, Macromol. Chem. 
Phys., 2014, 215, 893-899. 
[19] H. G. Alt, E. Samuel, Chem. Soc. Rev., 1998, 27, 323-329. 
[20] G. W. Coates, Chem. Rev., 2000, 100, 1223-1252. 
[21] T. Senda, H. Hanaoka, S. Nakahara, Y. Oda, H. Tsurugi, K. Mashima, Macromolecules, 2010, 
43, 2299-2306. 
[22] S. Gentil, M. Dietz, N. Pirio, P. Meunier, J. C. Gallucci, F. Gallou, L. A. Paquette, 
Organometallics, 2002, 21, 5162-5166. 
[23] A. A. H. Van Der Zeijden, C. Mattheis, R. Fröhlich, Chem. Ber., 1997, 130, 1231-1234. 
Chapter 2                                                                                  Results & Discussion 
94 
 
[24] J. A. Ewen, Macromol. Symp., 1995, 89, 181-196. 
[25] J. Klosin, P. P. Fontaine, R. Figueroa, Acc. Chem. Res., 2015, 48, 2004-2016. 
[26] Y.-X. Chen, T. J. Marks, Organometallics, 1997, 16, 3649-3657. 
[27] E. Y.-X. Chen, T. J. Marks, Chem. Rev., 2000, 100, 1391-1434. 
[28] M. Bochmann, J. Chem. Soc., Dalton Trans., 1996, 255-270. 
[29] R. A. Collins, A. F. Russell, P. Mountford, Appl. Petrochem. Res., 2015, 5, 153-171. 
[30] M. Bochmann, J. Organomet. Chem., 2004, 689, 3982-3998. 
[31] J. Okuda, F. J. Schattenmann, S. Wocadlo, W. Massa, Organometallics, 1995, 14, 789-795. 
[32] L. J. Irwin, J. H. Reibenspies, S. A. Miller, J. Am. Chem. Soc., 2004, 126, 16716-16717. 
[33] S. A. Miller, J. E. Bercaw, Organometallics, 2006, 25, 3576-3592. 
[34] E. Kirillov, L. Toupet, C. W. Lehmann, A. Razavi, J.-F. Carpentier, Organometallics, 2003, 22, 
4467-4479. 
[35] M. A. Schmid, H. G. Alt, W. Milius, J. Organomet. Chem., 1995, 501, 101-106. 
[36] C. J. Price, L. J. Irwin, D. A. Aubry, S. A. Miller, Stereoselective Polymerization With Single-
Site Catalysts, CRC Press, 2008, p 37-82. 
[37] R. Tanaka, I. Kamei, Z. Cai, Y. Nakayama, T. Shiono, J. Polym. Sci. A: Polym. Chem., 2015, 
53, 685-691. 
[38] L. J. Irwin, J. H. Reibenspies, S. A. Miller, Polyhedron, 2005, 24, 1314-1324. 
[39] H. Amarne, C. Baik, S. K. Murphy, S. Wang, Chem. Eur. J., 2010, 16, 4750-4761. 
[40] Y.-L. Rao, H. Amarne, J.-S. Lu, S. Wang, Dalton Trans., 2013, 42, 638-644. 
[41] Y. Zou, Synthesis of Group IV Transition Metal Catalysts for the Simultaneous Vinyl Insertion 
and Ring Opening Metathesis (Co-)polymerization of Cyclic Olefins with Ethylene, Dissertation 
thesis, University of Leipzig, 2010. 
[42] L. Resconi, R. L. Jones, A. L. Rheingold, G. P. A. Yap, Organometallics, 1996, 15, 998-1005. 
[43] J. Pinkas, I. Cisarova, J. Kubista, M. Horacek, M. Lamac, Dalton Trans., 2013, 42, 7101-7110. 
[44] W.-Y. Lee, L.-C. Liang, Inorg. Chem., 2008, 47, 3298-3306. 
[45] K. C. Jantunen, B. L. Scott, J. L. Kiplinger, J. Alloys Compd., 2007, 444–445, 363-368. 
[46] P. D. Bolton, N. Adams, E. Clot, A. R. Cowley, P. J. Wilson, M. Schröder, P. Mountford, 
Organometallics, 2006, 25, 5549-5565. 
[47] L.-C. Liang, P.-S. Chien, Y.-C. Hsiao, C.-W. Li, C.-H. Chang, J. Organomet. Chem., 2011, 696, 
3961-3965. 
[48] S. Gentil, N. Pirio, P. Meunier, J. C. Gallucci, J. D. Schloss, L. A. Paquette, Organometallics, 
2000, 19, 4169-4172. 
[49] M. Bochmann, S. J. Lancaster, M. B. Hursthouse, K. M. A. Malik, Organometallics, 1994, 13, 
2235-2243. 
[50] M. Bochmann, S. J. Lancaster, Organometallics, 1993, 12, 633-640. 
[51] J. Sassmannshausen, A. Track, F. Stelzer, Organometallics, 2006, 25, 4427-4432. 
[52] S. R. Golisz, J. E. Bercaw, Macromolecules, 2009, 42, 8751-8762. 
Chapter 2                                                                                  Results & Discussion 
95 
 
[53] R. C. Klet, C. N. Theriault, J. Klosin, J. A. Labinger, J. E. Bercaw, Macromolecules, 2014, 47, 
3317-3324. 
[54] E. Despagnet-Ayoub, L. M. Henling, J. A. Labinger, J. E. Bercaw, Dalton Trans., 2013, 42, 
15544-15547. 
[55] Y.-X. Chen, P.-F. Fu, C. L. Stern, T. J. Marks, Organometallics, 1997, 16, 5958-5963. 
[56] C. P. Casey, D. W. Carpenetti Ii, J. Organomet. Chem., 2002, 642, 120-130. 
[57] N. A. Petasis, D. K. Fu, J. Am. Chem. Soc., 1993, 115, 7208-7214. 
[58] B. J. J. v. de Heisteeg, G. Schat, O. S. Akkerman, F. Bickelhaupt, Tetrahedron Lett., 1987, 28, 
6493-6496. 
[59] J. A. v. Doorn, H. v. d. Heijden, A. G. Orpen, Organometallics, 1995, 14, 1278-1283. 
[60] L. R. Gilliom, R. H. Grubbs, Organometallics, 1986, 5, 721-724. 
[61] J. D. Meinhart, E. V. Anslyn, R. H. Grubbs, Organometallics, 1989, 8, 583-589. 
[62] H. van der Heijden, B. Hessen, J. Chem. Soc., Chem. Commun., 1995, 145-146. 
[63] W. Weng, L. Yang, B. M. Foxman, O. V. Ozerov, Organometallics, 2004, 23, 4700-4705. 
[64] S. Hermanek, Chem. Rev., 1992, 92, 325-362. 
[65] F. Teixidor, M. A. Flores, C. Viñas, R. Sillanpää, R. Kivekäs, J. Am. Chem. Soc., 2000, 122, 
1963-1973. 
[66] Y.-L. Rao, H. Amarne, S.-B. Zhao, T. M. McCormick, S. Martić, Y. Sun, R.-Y. Wang, S. Wang, 
J. Am. Chem. Soc., 2008, 130, 12898-12900. 
[67] A. L. McKnight, R. M. Waymouth, Chem. Rev., 1998, 98, 2587-2598. 
[68] G. J. P. Britovsek, V. C. Gibson, D. F. Wass, Angew. Chem. Int. Ed., 1999, 38, 428-447. 
[69] W. Kaminsky, J. Chem. Soc., Dalton Trans., 1998, 1413-1418. 
[70] X. Li, Z. Hou, Coord. Chem. Rev., 2008, 252, 1842-1869. 
[71] R. Furuyama, J. Saito, S. Ishii, H. Makio, M. Mitani, H. Tanaka, T. Fujita, J. Organomet. 
Chem., 2005, 690, 4398-4413. 
[72] Y. Yoshida, S. Matsui, T. Fujita, J. Organomet. Chem., 2005, 690, 4382-4397. 
[73] D. Takeuchi, Dalton Trans., 2010, 39, 311-328. 
[74] L. P. Lindeman, J. Q. Adama, Anal. Chem., 1971, 43, 1245-1252. 
[75] T. Usami, S. Takayama, Macromolecules, 1984, 17, 1756-1761. 
[76] R. F. Jordan, C. S. Bajgur, R. Willett, B. Scott, J. Am. Chem. Soc., 1986, 108, 7410-7411. 
[77] X. Yang, C. L. Stern, T. J. Marks, J. Am. Chem. Soc., 1991, 113, 3623-3625. 
[78] Bochmann, M. J. Sarsfield, Organometallics, 1998, 17, 5908-5912. 
[79] K. Liu, Q. Wu, W. Gao, Y. Mu, Dalton Trans., 2011, 40, 4715-4721. 
[80] K. Liu, Q. Wu, X. Luo, W. Gao, Y. Mu, Dalton Trans., 2012, 41, 3461-3467. 
[81] Y. Luo, X. Feng, Y. Wang, S. Fan, J. Chen, Y. Lei, H. Liang, Organometallics, 2011, 30, 3270-
3274. 
[82] N. Naga, K. Mizunuma, Polymer, 1998, 39, 5059-5067. 
[83] B. Wang, T. Tang, Y. Li, D. Cui, Dalton Trans., 2009, 8963-8969. 
[84] X.-Y. Wang, Y.-X. Wang, Y.-S. Li, L. Pan, Macromolecules, 2015, 48, 1991-1998. 
Chapter 2                                                                                  Results & Discussion 
96 
 
[85] T. Xiao, J. Wang, Y. Zhang, W. Gao, Y. Mu, J. Organomet. Chem., 2008, 693, 1195-1202. 
[86] X. Li, X. Wang, X. Tong, H. Zhang, Y. Chen, Y. Liu, H. Liu, X. Wang, M. Nishiura, H. He, Z. Lin, 
S. Zhang, Z. Hou, Organometallics, 2013, 32, 1445-1458. 
[87] M. Nabika, H. Katayama, T. Watanabe, H. Kawamura-Kuribayashi, K. Yanagi, A. Imai, 
Organometallics, 2009, 28, 3785-3792. 
[88] I. Furuta, S.-I. Kimura, M. Iwama, Physical Constants of Rubbery Polymers, John Wiley & 
Sons, Inc., 2003. 
[89] B. C. Bailey, F. Basuli, J. C. Huffman, D. J. Mindiola, Organometallics, 2006, 25, 3963-3968. 
[90] B. C. Bailey, H. Fan, J. C. Huffman, M.-H. Baik, D. J. Mindiola, J. Am. Chem. Soc., 2007, 129, 
8781-8793. 
[91] B. C. Bailey, J. C. Huffman, D. J. Mindiola, W. Weng, O. V. Ozerov, Organometallics, 2005, 24, 
1390-1393. 
[92] C. M. Brammell, E. J. Pelton, C.-H. Chen, A. A. Yakovenko, W. Weng, B. M. Foxman, O. V. 
Ozerov, J. Organomet. Chem., 2011, 696, 4132-4137. 
[93] A. R. Fout, J. Scott, D. L. Miller, B. C. Bailey, M. Pink, D. J. Mindiola, Organometallics, 2009, 
28, 331-347. 
[94] M. D. Fryzuk, P. B. Duval, B. O. Patrick, S. J. Rettig, Organometallics, 2001, 20, 1608-1613. 
[95] L. R. Gilliom, R. H. Grubbs, J. Am. Chem. Soc., 1986, 108, 733-742. 
[96] M. Kamitani, B. Pinter, C.-H. Chen, M. Pink, D. J. Mindiola, Angew. Chem., 2014, 126, 11093-
11095. 
[97] N. Naga, Y. Imanishi, Macromol. Chem. Phys., 2002, 203, 159-165. 
[98] J. Liu, K. Nomura, Adv. Synth. Catal., 2007, 349, 2235-2240. 
[99] G. V. Narayana, G. Xu, D. Wang, W. Frey, M. R. Buchmeiser, ChemPlusChem, 2014, 79, 
151-162. 
[100] I. Tritto, C. Marestin, L. Boggioni, L. Zetta, A. Provasoli, D. R. Ferro, Macromolecules, 2000, 
33, 8931-8944. 
[101] T. Hasan, T. Ikeda, T. Shiono, Macromolecules, 2004, 37, 8503-8509. 
[102] I. Tritto, L. Boggioni, C. Zampa, D. R. Ferro, Macromolecules, 2005, 38, 9910-9919. 
[103] P. Sudhakar, J. Polym. Sci., Part A: Polym. Chem., 2008, 46, 444-452. 
[104] S. M. Baldwin, J. E. Bercaw, L. M. Henling, M. W. Day, H. H. Brintzinger, J. Am. Chem. Soc., 
2011, 133, 1805-1813. 
[105] P. D. Bolton, E. Clot, A. R. Cowley, P. Mountford, Chem. Commun., 2005, 3313-3315. 
[106] P. D. Bolton, E. Clot, A. R. Cowley, P. Mountford, J. Am. Chem. Soc., 2006, 128, 15005-
15018. 
[107] G. Theurkauff, A. Bondon, V. Dorcet, J.-F. Carpentier, E. Kirillov, Angew. Chem. Int. Ed., 2015, 
54, 6343-6346. 
[108] G. Xu, Functional polyolefins prepared by group 4 diamide complexes through tandem ring-
opening metathesis/vinyl insertion polymerization, Dissertation thesis, University of Stuttgart, 
2014. 
Chapter 2                                                                                  Results & Discussion 
97 
 
[109] D. E. Babushkin, N. V. Semikolenova, V. N. Panchenko, A. P. Sobolev, V. A. Zakharov, E. P. 
Talsi, Macromol. Chem. Phys., 1997, 198, 3845-3854. 
[110] D. Cam, U. Giannini, Makromol. Chem., 1992, 193, 1049-1055. 
[111] W. Kaminsky, Macromol. Chem. Phys., 1996, 197, 3907-3945. 
[112] W. Kaminsky, R. Steiger, Polyhedron, 1988, 7, 2375-2381. 
[113] M. D. Fryzuk, S. S. H. Mao, M. J. Zaworotko, L. R. MacGillivray, J. Am. Chem. Soc., 1993, 
115, 5336-5337. 
[114] J. Schwartz, K. I. Gell, J. Organomet. Chem., 1980, 184, C1-C2. 
[115] M. D. Fryzuk, P. B. Duval, S. S. S. H. Mao, M. J. Zaworotko, L. R. MacGillivray, J. Am. Chem. 
Soc., 1999, 121, 2478-2487. 
[116] T. Shiono, S. Yoshida, H. Hagihara, T. Ikeda, Appl. Catal., A, 2000, 200, 145-152. 
[117] S. S. Reddy, G. Shashidhar, S. Sivaram, Macromolecules, 1993, 26, 1180-1182. 
[118] H. Hammawa, T. M. Mannan, D. T. Lynch, S. E. Wanke, J. Appl. Polym. Sci., 2004, 92, 3549-
3560. 
 
 
  
 
 99 
 
3. Experimental 
Chapter 3                                                                                                Experimental 
100 
 
3.1 General  
All manipulations were conducted by using standard Schlenk or dry box techniques 
under an atmosphere of Argon or nitrogen unless specified otherwise. Deuterated 
solvents for NMR were freeze-pump-thaw degassed and stored inside a glove box. 
Benzene-d6, toluene-d8 and tetrahydrofuran-d8 were dried and distilled from 
sodium/benzophenone; CD2Cl2 and CDCl3 were dried and distilled from P2O5; 
C2D2Cl4 and o-C6D4Cl2 were distilled from calcium hydride. Regular solvents, i.e. 
diethyl ether, toluene, THF, n-pentane, CH2Cl2 were dried and deoxygenated by 
sparging with N2, followed by passing through a triple-column solvent purification 
system (MBraun, Garching, Germany). Commercially available reagents for synthesis 
were used without further purification. Celite was dried in vacuo at 180 ºC for two 
days prior to use. Methylalumoxane (MAO, 10 wt.% solution in toluene) was 
purchased from Sigma-Aldrich. The toluene was removed and the residue was dried 
in vacuo at 80 ºC overnight to remove any free AlMe3 and stored inside a glove box. 
Ethylene gas was purified by passing through columns filled with Cu-catalyst (BASF 
R3–11G) and 3Å molecular sieves before charging the autoclave. All 
homopolymerization of NBE were carried out in Schlenk tubes under an inert 
atmosphere. All homopolymerization of E and all copolymerizations of E with NBE 
were performed in a Büchi–Uster pressure reactor equipped with a Huber thermostat. 
The feed of ethylene was kept constant and ethylene consumption was monitored 
with the aid of a Büchi pressflow bpc 6010 flow controller.  
NMR data were recorded at 400 MHz for 1H, 100 MHz for 13C and 376 MHz for 19F 
on a Bruker Avance III 400 spectrometer at 25 °C unless noted otherwise and 
reported in ppm relative to tetramethylsilane (TMS). All 1H and 13C NMR data of the 
ethylene homopolymers, ethylene-cyclopentene (E-CPE) and ethylene- norborn-2-
ene (E-NBE) copolymers were measured at 100 °C except where noted and carried 
out by Dr. Dongren Wang at the Institute of Polymer Chemistry, University of 
Stuttgart, Germnay. FTIR spectra were measured on a Perkin-Elmer 881 
spectrometer with ATR technology. Elemental analysis data were obtained on a 
Carlo Erba elemental analyzer (1106) by Barbara Förtsch at the Institute of Inorganic 
Chemistry, University of Stuttgart, Germany. Elemental analysis results of Zr-2(CH3)2 
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and Zr-2(CH2SiMe3)2 were obtained on a Vario EL elemental analyzer at 
Microanalytical Laboratory Kolbe, Mülheim, Germnay. 
The number-average molecular weights (Mn) and molecular weight distributions (PDI) 
were measured by high-temperature gel permeation chromatography (HT-GPC) on 
an Agilent PL-GPC 220 system equipped with three consecutive PLgel 5 m MIXED-
C 300×7.5 mm columns in 1,2,4-trichlorobenzene at 160 °C. The flow rate was set to 
1 mL min-1. The GPC system was calibrated with narrow polystyrene (PS) standards 
(Figure S96) with the molecular weights in the range of 162-6 035 000 g mol-1 (Easi 
Vial-red, yellow and green), which were all purchased from Polymer Labs. The GPC 
calibration curve was built by Dr. Dongren Wang and M.Sc Laura Widmann at the 
Institute of Polymer Chemistry, University of Stuttgart, Germany. Melting points and 
glass transition temperatures were measured by differential scanning calorimetry 
(DSC) under N2 atmosphere on a Perkin-Elmer DSC 4000 at a heat rate of 10 ºC 
min-1.   
 
3.2 Synthesis of Ligands and Metal Complexes 
Compound 3 
6-[2-(Diethylboryl)phenyl]pyridine-2-amine (1)[1-2] and 9-(chlorodimethylsilyl)-9H-
fluorene (2)[3-5] were prepared as described in the literature. To a solution of 1 (1.9 g, 
8.0 mmol) in pentane/diethyl ether (10:1) was added n-butyllithium (1.6 M in hexane, 
5.0 mL, 8.0 mmol) at -35 °C and the mixture was warmed to room temperature and 
stirred for 2 h. The precipitate was filtered and washed with cold pentane/diethyl 
ether (10:1) and dried in vacuo to give a light-yellow solid. Yield: 2.2 g (86.4%).  
The suspension of 1·Li(Et2O) (1.59 g, 5.0 mmol) in diethyl ether (50 mL) at -35 °C 
was added to a solution of 2 (1.29 g, 5.0 mmol) in diethyl ether (13 mL). After the 
mixture was stirred overnight at room temperature, LiCl was filtered off and diethyl 
ether was removed in vacuo to give a white crude solid, which was recrystallized 
from CH2Cl2 and pentane to yield white crystals. Yield: 1.9 g (82.5%). 
1H NMR (C6D6): 
δ = 7.81–7.76(m, 1H), 7.73 (dd, J = 6.9, 1.1 Hz, 2H), 7.61 (dt, J = 7.7, 0.8 Hz, 1H), 
7.47–7.38 (m, 3H), 7.30–7.19 (m, 5H), 6.98 (t, J = 7.9 Hz, 1H), 6.80 (dd, J = 7.6, 0.9 
Hz, 1H), 6.02 (dd, J = 8.3, 0.9 Hz, 1H), 5.69 (s, 1H), 3.82 (s, 1H), 1.26 (dq, J = 15.4, 
7.7 Hz, 2H), 1.03–0.88 (m, 2H), 0.74 (t, J = 7.6 Hz, 6H),  0.00–-0.15 (m, 6H). 1H NMR 
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(CD2Cl2): δ = 7.89 (d, J = 7.6 Hz, 2H), 7.74–7.70 (m, 1H), 7.65 (t, J = 7.9 Hz, 1H), 
7.57 (dd, J = 7.5, 0.9 Hz, 2H), 7.48–7.44 (m, 1H), 7.43–7.37 (m, 2H), 7.37–7.29 (m, 
3H), 7.24 (ddd, J = 15.2, 7.5, 1.0 Hz, 2H), 6.44 (dd, J = 8.3, 0.8 Hz, 1H), 5.43 (s, 1H), 
4.25 (s, 1H), 0.71 (dq, J = 15.4, 7.7 Hz, 2H), 0.50 (tt, J = 14.5, 7.4 Hz, 2H), 0.31–0.22 
(m, 12H). 13C NMR (C6D6): δ = 163.6, 158.1, 155.9, 143.7, 141.4, 140.2, 137.7, 130.4, 
129.5, 126.9, 126.6, 125.6, 124.7, 121.3, 120.7, 107.8, 106.3, 41.9, 15.1, 10.4, -3.8. 
ESI-MS: m/z calcd. for C30H33BN2Si: 460.25; found: 461.26 [M+H]
+. Elemental 
analysis calcd. (%) for C30H33BN2Si: C 78.25, H 7.22, N 6.08; found: C 78.03, H 7.26, 
N 6.04. FTIR (ATR mode): 3378 (s), 2940 (m), 2857 (m), 1622 (s), 1571 (vs), 1486 
(vs), 1447 (s), 1377 (s), 1255 (s), 1171(s), 833 (vs), 801 (vs), 734 (vs).  
 
Compound 4 
To a solution of 3 (1.125 g, 2.44 mmol) in 15 mL toluene at  -35 °C were added 2 
equivalents of n-BuLi (1.6 M in hexane, 3.05 mL, 4.88 mmol). After the solution was 
stirred 2 h at room temperature, the solvent was removed in vacuo and the resulting 
orange residue was recrystallized from THF and pentane at -35 °C to give yellow 
crystals. Yield: 1.63 g (80.7%). 1H NMR (C6D6): δ = 8.27–8.16 (m, 4H), 7.82 (t, J = 
6.5 Hz, 2H), 7.48–7.40 (m, 1H), 7.37–7.27 (m, 4H), 7.09–7.01 (m, 2H), 6.93 (dd, J = 
8.6, 0.8 Hz, 1H), 6.83 (dd, J = 7.0, 0.9 Hz, 1H), 2.95 (q, J = 6.5 Hz, 20H, THF), 1.23–
1.08 (m, 20H, THF), 1.07–0.92 (m, 16H). 13C NMR (C6D6): δ = 163.8, 157.8, 140.6, 
140.3, 137.0, 128.9, 125.0, 124.8, 122.9, 120.6, 120.1, 120.0, 115.7, 114.6, 98.6, 
81.5, 67.6 (s, C-O, THF), 25.3 (s, C-O, THF), 13.2, 11.1, 3.4. Elemental analysis 
calcd. (%) for C50H71BN2O5SiLi2(THF): C 71.67, H 8.80, N 3.10; found: C 71.64, H 
8.48, N 3.46. 
 
Complex Zr-1 
A solution of 4 (1.43 g, 1.58 mmol) in toluene (15 mL) at -35 °C was added to a 
solution of ZrCl4·2THF (596 mg, 1.58 mmol) in THF and the resulting orange-red 
mixture was stirred at room temperature for 36 h. LiCl was filtered off and all solvents 
was removed in vacuo. The resulting red residue was dissolved in toluene (10 mL) 
and stirred for 15 min, followed by the removal of any insoluble solid via filtration 
through celite. After the removal of the solvent, the red solid was recrystallized from 
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CH2Cl2 and pentane at -35 °C. Yield:
 220 mg (18.2%). 1H NMR (CD2Cl2): δ = 8.10 (d, 
J = 7.6 Hz, 2H), 8.07–7.95 (m, 3H), 7.84 (d, J = 7.7 Hz, 1H), 7.67 (dd, J = 7.7, 0.9 Hz, 
1H), 7.55 (dt, J = 15.0, 4.1 Hz, 3H), 7.44–7.33 (m, 3H), 7.28 (td, J = 7.5, 1.2 Hz, 1H), 
7.09 (dd, J = 8.1, 0.8 Hz, 1H), 3.00 (s, 4H, THF), 1.49 (t, J = 6.6 Hz, 4H, THF), 0.77 
(d, J = 59.3 Hz, 10H), 0.47 (dd, J = 8.3, 6.4 Hz, 6H). 1H NMR (C6D6): δ = 8.24 (d, J = 
7.7 Hz, 2H), 7.89 (d, J = 7.2 Hz, 1H), 7.78 (d, J = 7.6 Hz, 2H), 7.66 (d, J = 7.7 Hz, 
1H), 7.50–7.37 (m, 3H), 7.27 (td, J = 7.6, 1.1 Hz, 1H), 7.19 (ddd, J = 7.8, 4.2, 2.3 Hz, 
3H), 7.06 (dd, J = 7.7, 1.0 Hz, 1H), 6.96 (dd, J = 8.0, 0.8 Hz, 1H), 2.55 (s, 4H), 1.53 
(s, 4H), 1.05 (s, 6H), 0.60 (s, 10H). 13C NMR (C6D6): δ = 165.2, 162.5, 159.3, 140.3, 
137.1, 130.2, 129.7, 126.8, 125.4, 123.7, 122.0, 121.4, 120.3, 116.3, 111.2, 99.4, 
76.4 (THF), 25.1 (THF), 11.9, 1.4, -0.1. 13C NMR (CD2Cl2): δ = 162.5, 158.8, 140.9, 
137.5, 137.2, 129.7, 129.3, 127.2, 125.3, 124.1, 121.8, 121.3, 120.7, 117.0, 111.4, 
99.7, 75.9 (THF), 25.9 (THF), 11.2, 4.1, 4.0, -0.1. Elemental analysis calcd. (%) for 
C34H39BCl2N2OSiZr(THF)1/4(CH2Cl2)1/4: C 57.84, H 5.71, N 3.83; found: C 57.87, H 
5.65, N 3.94. Crystals suitable for single-crystal X-ray analysis were obtained by 
recrystallization from CH2Cl2/pentane. 
 
Complex Hf-1 
A solution of 4 (400 mg, 0.442 mmol) in toluene (15 mL) at -35 °C was added to a 
suspension of HfCl4·2THF (205 mg, 0.442 mmol) in toluene; then the yellow mixture 
was stirred at room temperature for 24 h. Lithium chloride was filtered off and the 
solvent was removed in vacuo. The resulting red residue was dissolved in toluene 
and any insoluble solid was filtered off through a pad of celite. After the removal of 
the solvent, the red solid was recrystallized from toluene and pentane at -35 °C.
 Yield: 
35 mg (9.2%). 1H NMR (C6D6): δ = 8.19 (d, J = 48.0 Hz, 2H), 7.92 (d, J = 7.2 Hz, 1H), 
7.83 (d, J = 7.4 Hz, 2H), 7.68 (d, J = 7.7 Hz, 1H), 7.48–7.39 (m, 3H), 7.28 (td, J = 7.5, 
1.2 Hz, 2H), 7.22 (t, J = 7.8 Hz, 1H), 7.06 (dd, J = 7.7, 1.0 Hz, 1H), 7.04–7.00 (m, 1H), 
2.50 (d, 3H), 1.64 (d, 2H), 1.03 (s, 6H), 0.54 (s, 4H), 0.20 (s, 4H). 13C NMR (C6D6): δ 
= 165.4, 162.5, 159.3, 145.6, 140.1, 139.3, 138.0, 137.2, 136.3, 130.2, 129.6, 129.3, 
128.1, 126.8, 125.3, 124.2, 123.6, 123.0, 121.4, 120.7, 119.1, 117.9, 111.3, 96.1, 
77.3, 25.2, 10.4, 2.6, 1.4. Elemental analysis calcd. (%) for C34H39BCl2N2OSiHf 
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(THF)1/2: C 52.99, H 5.31, N 3.43; found: C 53.07, H 5.35, N 3.53. Crystals suitable 
for single-crystal X-ray analysis were grown from toluene/pentane. 
 
Compound 5 
To a solution of 2-(2-bromophenyl)-6-(2,2,5,5-tetramethyl-1,2,5-azadisilolidin-1-
yl)pyridine (2.0, 5.1 mmol) in diethyl ether was slowly added a solution of n-butyl 
lithium (2.5 M, 2.45 mL, 6.1 mmol) in hexane at -78 °C and the mixture was stirred for 
1.5 h at this temperature. A solution of dimesitylboron fluoride (2.06 g, 7.66 mmol) in 
THF (10 mL) was added and the mixture was stirred for a further hour at -78 °C, then 
gradually warmed to room temperature and stirred overnight. Ice water was added to 
hydrolyze the protecting group and the solution was stirred for 30 min. The mixture 
was diluted with ethyl acetate, washed with water and brine and dried over MgSO4. 
After removal of the solvent, the residue was subjected to chromatography on silica 
gel eluting with hexane/ethyl acetate (9:1) to yield the target product. Yield: 0.97 g 
(45.5%). 1H NMR (THF-d8): δ = 7.81–7.72 (m, 1H), 7.71–7.62 (m, 2H), 7.33 (dd, J = 
7.5, 1.1 Hz, 1H), 7.13–6.99 (m, 2H), 6.56 (s, 4H), 6.42 (dd, J = 8.3, 1.1 Hz, 1H), 6.28 
(s, 2H, NH2), 2.10 (s, 6H), 2.00–1.76 (m, 12H). 
13C NMR (THF-d8): δ = 159.2, 158.2, 
144.1, 141.8, 136.8, 134.0, 131.0, 129.5, 125.2, 122.2, 110.1, 105.4, 67.2, 25.1, 20.6. 
ESI-MS: m/z calcd. for C29H31BN2: 418.26; found: 419.26 [M+H]
+. FTIR (ATR mode): 
3446 (m), 3348 (s), 2907 (m), 1633 (s), 1603 (vs), 1566 (s), 1493 (s), 1444 (s), 846 
(m), 753 (vs), 729 (m), 702 (s). 
 
Compound 6 
To a solution of 5 (900 mg, 2.15 mmol) in 25 mL of THF at -35 °C was added n-BuLi 
(1.6 M in hexane, 1.34 mL, 2.15 mmol). After the solution was stirred 3 h at room 
temperature, the solvent was removed in vacuo and the resulting orange residue was 
washed twice with pentane to give a yellow solid, which was used without any further 
purification. Due to its sensitivity and instability, only the 1H NMR spectrum was 
recorded. 1H NMR (C6D6): δ = 8.04 (d, J = 7.3 Hz, 1H), 7.67 (d, J = 7.4 Hz, 1H), 7.20 
(dd, J = 12.1, 5.9 Hz, 1H), 7.15–7.10 (m, 1H), 7.04 (t, J = 7.7 Hz, 1H), 6.71 (t, J = 
23.4 Hz, 5H), 6.07 (d, J = 8.4 Hz, 1H), 4.79 (s, 1H), 3.20 (d, J = 6.1 Hz, 8H), 2.16 (s, 
18H), 1.35–1.15 (m, 8H). 
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Compound 7 
To a solution of 6 (1.977 g, 3.47 mmol) in diethyl ether (50 mL) at -35 °C was added 
a solution of chlorodimethyl(2,3,4,5-tetramethylcyclopenta-2,4-dienyl)silane (768 μL, 
3.47 mmol) in diethyl ether (5 mL). After the mixture was stirred overnight at room 
temperature, lithium chloride was filtered off and diethyl ether was removed in vacuo 
to yield a pink crude solid, which was subsequently recrystallized from diethyl ether 
and pentane to give a white solid. Yield: 1.70 g (82.1%). 1H NMR (C6D6): δ = 8.08 (d, 
J = 7.7 Hz, 1H), 7.54 (d, J = 7.5 Hz, 1H), 7.13 (dd, J = 7.5, 1.1 Hz, 1H), 7.07–6.97 (m, 
2H), 6.85 (dd, J = 7.6, 1.0 Hz, 1H), 6.75 (s, 4H), 6.41 (s, 1H, NH), 6.26 (dd, J = 8.3, 
1.0 Hz, 1H), 2.89 (s, 1H), 2.16 (d, J = 7.3 Hz, 18H), 1.68 (s, 6H), 1.52 (s, 6H), -0.06 
(s, 6H). 13C NMR (C6D6): δ = 159.6, 159.2, 142.2, 140.6, 137.9, 137.2, 135.9, 134.5, 
131.8, 131.1, 130.7, 129.5, 128.1, 125.2, 122.2, 110.0, 106.0, 54.2, 25.3, 20.8, 13.8, 
11.2, -3.6. Elemental analysis calcd. (%) for C40H49BN2Si: C 80.51, H 8.28, N 4.69; 
found C 80.41, H 8.43, N 4.43. ESI-MS: m/z calcd. for C40H49BN2Si: 596.38; found. 
619.38 [M+Na]+. FTIR (ATR mode): 3291 (m), 2913 (m), 1624 (m), 1560 (s), 1490 
(vs), 1438 (s), 845 (s), 820 (vs), 756 (vs), 699 (s). 
 
Complex Zr-2 
To a solution of 7 (1.0 g, 1.676 mmol) in toluene (10 mL) at -35 °C were added 2 
equivalents of n-BuLi (1.6 M in hexane, 2.1 mL, 3.35 mmol). The solution was 
allowed to warm to room temperature and stirred for 2 h, then re-chilled to -35 °C and 
finally added to a solution of ZrCl4·2THF (632 mg, 1.676 mmol) in toluene (10 mL). 
The resulting brown mixture was stirred at room temperature for 36 h. LiCl was 
filtered off and the solvent was removed in vacuo. The resulting earth-yellow residue 
was dissolved in toluene and filtered off insoluble solid. After the removal of the 
solvent, the solid was recrystallized from toluene and pentane at -35 °C. Yield: 412 
mg (32.5%). 1H NMR (C6D6): δ = 9.19 (dd, J = 7.8, 0.7 Hz, 1H), 7.58 (dd, J = 7.5, 0.9 
Hz, 1H), 7.50 (td, J = 7.6, 1.4 Hz, 1H), 7.10 (td, J = 7.5, 1.2 Hz, 1H), 6.82–6.72 (m, 
2H), 6.64 (s, 4H), 5.34 (dd, J = 7.5, 1.4 Hz, 1H), 2.16 (s, 12H), 2.09 (t, J = 4.7 Hz, 
18H), 0.41 (s, 6H). 13C NMR (C6D6): δ = 162.7, 157.7, 148.7, 143.9, 143.5, 141.4, 
139.3, 138.6, 135.9, 131.8, 131.6, 131.3, 130.5, 129.0, 128.8, 120.2, 106.7, 102.6, 
24.2, 21.3, 14.5, 11.9, 2.8. Elemental analysis calcd. (%) for C40H47BCl2N2OSiZr: C 
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63.48, H 6.26, N 3.70; found C 63.13, H 6.42, N 3.62. Crystals suitable for single-
crystal X-ray analysis were grown from toluene/pentane. 
 
Complex Ti-2 
To a solution of the ligand 7 (1.0 g, 1.676 mmol) in toluene (12 ml) at -35 °C was 
added n-BuLi (1.6 M in hexane, 2.1 mL, 3.35 mmol). After the solution was stirred 2 h 
at room temperature, the orange solution was used to the next step without further 
purification. The solution was re-chilled to -35 °C and added to a suspension of 
TiCl3·3THF (621 mg, 1.676 mmol) in toluene (10 mL). The mixture was stirred at 
room temperature for 36 h following with the addition of PbCl2 (466 mg, 1.676 mmol) 
and stirred another 12 h. Insoluble solid was filtered off and the solvents were 
removed in vacuo. The resulting deep-red residue was extracted with toluene (10 mL) 
and insoluble solid was removed by filtration, then concentrated to ~ 4 mL and added 
another 10 mL pentane before cooled to -35 °C for 2 h to obtain a yellow solid. Yield: 
260 mg (21.2%). 1H NMR (CD2Cl2): δ = 7.64 (d, J = 7.5 Hz, 1H), 7.61–7.53 (m, 1H), 
7.41–7.34 (m, 2H), 7.32–7.25 (m, 1H), 7.14 (d, J = 8.1 Hz, 1H), 6.74 (d, J = 7.4 Hz, 
1H), 6.59 (s, 3H), 2.36 (s, 5H), 2.27 (s, 5H), 2.14 (s, 5H), 1.95 (s, 10H), 0.89 (s, 5H). 
13C NMR (CD2Cl2): δ = 162.5, 157.4, 148.4, 147.5, 144.2, 142.9, 140.9, 139.1, 136.3, 
135.7, 131.4, 130.0, 128.2, 120.3, 115.2, 112.2, 54.4, 54.1, 53.8, 53.6, 53.3, 23.6, 
21.2, 16.6, 13.6, 3.7. Elemental analysis calcd. (%) for C40H47BCl2N2SiTi(CH2Cl2)0.2: 
C 66.10, H 6.54, N 3.84; found C 66.05, H 6.65, N 3.91. Crystals were grown from 
toluene/pentane with poor crystal quality which only provide structural evidence but 
not quantitative discussion. 
 
Complex Ti-2´ 
Ti-2´ is the by-product of complex Ti-2. Ti-2´ was obtained from the recrystallization 
process of Ti-2. 1H NMR (CD2Cl2): δ = 7.79 (d, J = 7.5 Hz, 1H), 7.54 (ddd, J = 7.8, 
6.6, 2.2 Hz, 1H), 7.39–7.26 (m, 2H), 7.09 (dd, J = 8.1, 7.4 Hz, 1H), 6.72 (d, J = 6.8 
Hz, 1H), 6.63 (s, 4H), 6.54 (dd, J = 8.1, 0.7 Hz, 1H), 5.50 (s, 1H), 2.35 (s, 3H), 2.24 (s, 
6H), 2.17 (s, 6H), 1.92 (m, 21H), 1.56 (s, 3H), 0.86 (s, 3H), 0.64 (s, 3H), 0.45 (s, 3H). 
1H NMR (C6D6): δ = 8.16 (d, J = 7.6 Hz, 1H), 7.61 (dd, J = 7.5, 1.2 Hz, 1H), 7.43 (td, 
J = 7.5, 1.4 Hz, 1H), 7.04–6.93 (m, 3H), 6.66 (s, 4H), 5.18 (s, 1H), 2.49 (s, 3H), 2.13 
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(dd, J = 15.3, 9.6 Hz, 22H), 1.87 (s, 3H), 1.82 (s, 3H), 1.79 (s, 3H), 1.53 (s, 3H), 1.00 
(s, 3H), 0.85 (s, 3H), 0.71 (s, 3H). 13C NMR (C6D6): δ = 166.6, 156.4, 149.0, 147.7, 
143.6, 140.8, 138.8, 138.7, 137.1, 136.7, 135.4, 135.1, 134.2, 132.0, 131.3, 130.3, 
129.0, 128.7, 126.9, 126.7, 121.6, 118.2, 117.0, 116.8, 112.2, 23.8, 21.5, 21.2, 17.1, 
15.6, 13.9, 13.7, 13.2, 12.8, 12.5, 4.4, 4.1. Elemental analysis calcd. (%) for 
C49H60BClN2SiTi(CH2Cl2)2/3: C 67.84, H 7.08, N 3.62; found C 68.08, H 7.164, N 3.76. 
Crystals suitable for single-crystal X-ray analysis were grown from n-pentane. 
 
Compound 8 
6-(2-Isopropylphenyl)pyrid-2-ylamine was prepared as described in the literature.[6] 
To a solution of 6-(2-isopropylphenyl)pyridin-2-amine (1.06 g, 5.0 mmol) in diethyl 
ether (25 mL) was added  a butyllithium solution (1.6 M in hexane, 3.12 mL, 5.0 
mmol) at -35 °C. After 1 min, a precipitate formed and the mixture was allowed to 
warm to room temperature and stirred for another 10 min. The suspension was 
cooled to -35 °C again and a solution of 2 (1.29 g, 5.00 mmol) in diethyl ether (20 mL) 
was added. The mixture was warmed to room temperature and stirred for another 2 h. 
The precipitate was filtered off and the resulting filtrate was dried in vacuo. The 
residue was recrystallized from diethyl ether and pentane to obtain a green solid. 
Yield: 1.98 g (91.1%). 1H NMR (CDCl3): δ = 7.85 (d, J = 7.5 Hz, 6H), 7.52 (t, J = 7.8 
Hz, 3H), 7.43 (d, J = 7.5 Hz, 6H), 7.41–7.36 (m, 4H), 7.36–7.30 (m, 11H), 7.26–7.18 
(m, 8H), 6.74 (d, J = 7.4 Hz, 3H), 6.50 (d, J = 8.2 Hz, 3H), 4.56 (s, 3H), 4.19 (s, 3H), 
3.42 (dq, J = 13.7, 6.8 Hz, 3H), 1.17 (d, J = 6.9 Hz, 18H), 0.02–-0.05 (m, 18H). 1H 
NMR (C6D6): δ = 7.77 (d, J = 7.6 Hz, 6H), 7.48–7.39 (m, 9H), 7.29–7.22 (m, 10H), 
7.08 (td, J = 7.4, 1.4 Hz, 3H), 6.65 (dd, J = 7.4, 0.8 Hz, 3H), 5.96 (dd, J = 8.2, 0.8 Hz, 
3H), 4.78 (s, 3H), 3.71–3.53 (m, 6H), 1.14 (d, J = 6.9 Hz, 18H), -0.01–-0.09 (m, 
17H).13C NMR (CDCl3): δ = 159.2, 159.1, 146.4, 145.1, 140.8, 140.7, 137.8, 129.7, 
128.2, 126.2, 125.5, 125.4, 124.5, 120.0, 114.6, 108.1, 77.2, 42.0, 29.2, 24.3, -3.5. 
ESI-MS: m/z calcd. for C29H30N2Si: 434.22; found 435.22 [M+H]
+. FTIR (ATR mode): 
3404 (m), 2957 (m), 1588 (s), 1571 (s), 1460 (s), 1493 (s), 1371 (s), 1294 (s), 1036 
(s), 855 (s), 801 (vs), 740 (vs). 
 
Compound 9 
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To a solution of 8 (1.5 g, 3.45 mmol) in toluene (7 mL) at  -35 °C were added 2 
equivalents of n-BuLi (1.6 M in hexane, 4.31 mL, 6.90 mmol). The solution was 
stirred for 2 h at room temperature, followed by the removal of the solvent. The 
resulting orange residue was recrystallized from THF and pentane at -35 °C to give 
yellow crystals, which turned out to be unstable even at low temperature. Yield: 1.83 
g (72.5%). 1H NMR (THF-d8): δ = 7.82 (d, J = 7.5 Hz, 2H), 7.70 (d, J = 8.1 Hz, 2H), 
7.11 (dd, J = 16.0, 7.6 Hz, 3H), 6.98 (t, J = 7.4 Hz, 1H), 6.76 (d, J = 24.1 Hz, 3H), 
6.39 (s, 2H), 6.26 (d, J = 8.3 Hz, 1H), 5.67 (d, J = 6.2 Hz, 1H), 3.55 (d, J = 4.9 Hz, 
3H), 3.44 (s, 1H), 1.69 (s, 4H), 1.09 (d, J = 6.9 Hz, 6H), 0.48 (s, 6H). 
 
Complex Zr-3 
A solution of 9 (1.24 g, 1.694 mmol) in toluene (5 mL) at -35 °C was added to a 
solution of ZrCl4·2THF (639 mg, 1.694 mmol) in THF (10 mL); then the mixture was 
stirred at room temperature for 36 h. Lithium chloride was filtered off and all solvents 
were removed in vacuo. The resulting red residue was dissolved in CH2Cl2 and 
filtered through a pad of celite. After the removal of the solvent and recrystallization 
from CH2Cl2 and pentane at -35 °C, an orange solid was obtained. Yield: 283 mg 
(17.5%). 1H NMR (C6D6): δ = 8.05 (d, J = 8.1 Hz, 4H), 7.85–7.78 (m, 6H), 7.30 (ddd, 
J = 8.2, 7.0, 1.2 Hz, 4H), 7.21 (ddd, J = 8.0, 7.0, 1.0 Hz, 5H), 7.06–7.03 (m, 3H), 6.98 
(dt, J = 9.9, 5.0 Hz, 2H), 6.44 (dd, J = 7.6, 0.9 Hz, 2H), 5.82 (dd, J = 8.2, 0.9 Hz, 2H), 
3.07 (dt, J = 13.6, 6.8 Hz, 2H), 2.94 (s, 8H), 1.19 (d, J = 6.8 Hz, 12H), 0.88 (td, J = 
6.7, 3.0 Hz, 9H), 0.64 (d, J = 3.4 Hz, 12H). 13C NMR (C6D6): δ = 165.7, 156.4, 146.8, 
141.9, 140.8, 137.4, 134.6, 130.4, 129.4, 128.1, 126.5, 125.8, 125.4, 124.9, 123.3, 
121.0, 117.1, 108.2, 83.1, 74.3, 30.4, 25.2, 24.7, 1.1. Elemental analysis calcd. (%) 
for C36H40BCl2N2OSiZr(CH2Cl2)(toluene)1/4: C 61.00, H 5.73, N 3.98; found C 61.25, 
H 5.85, N 4.31. 
 
Complex Zr-2(CH3)2 
To a solution of Zr-2 (300 mg, 0.396 mmol) in diethyl ether (20 mL) at −35 ºC was 
added MeMgBr (3.0 M in diethyl ether, 0.30 mL, 0.911 mmol). The solution became a 
suspension within 10 min and was stirred overnight at room temperature in the dark. 
After the removal of the solvent, the yellow residue was dissolved in toluene (10 mL) 
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and the insoluble solid was filtered off through a pad of celite. The solvent was 
removed in vacuo to give a brown solid. Yield: 270 mg (80.5%). The solid was 
recrystallized from diethyl ether at -35 ºC to give light-yellow crystals. 1H NMR (C6D6): 
δ = 8.56 (dd, J = 7.7, 0.7 Hz, 1H), 7.62 (dd, J = 7.6, 1.0 Hz, 1H), 7.40 (td, J = 7.5, 1.4 
Hz, 1H), 7.12 (td, J = 7.5, 1.2 Hz, 1H), 6.80 (dd, J = 7.9, 7.5 Hz, 1H), 6.72 (dd, J = 7.4, 
1.0 Hz, 1H), 6.65 (s, 4H), 5.46 (dd, J = 8.0, 1.0 Hz, 1H), 2.14 (d, J = 10.9 Hz, 18H), 
2.02 (d, J = 8.9 Hz, 12H), 0.46–0.41 (m, 6H), 0.12 (s, 6H, Zr-CH3). 
1H NMR (CD2Cl2): 
δ =  8.09 (d, J = 7.7 Hz, 1H), 7.50 (td, J = 7.4, 1.7 Hz, 1H), 7.43–7.33 (m, 2H), 7.08 (d, 
J = 7.5 Hz, 1H), 6.62 (s, 4H), 6.53 (d, J = 7.3 Hz, 1H), 5.64 (d, J = 8.1 Hz, 1H), 2.18 
(s, 6H), 2.04 (s, 6H), 1.96 (d, J = 11.7 Hz, 18H), 0.51–0.41 (m, 6H), -0.38 (s, 6H, Zr-
CH3). 
13C NMR (C6D6): δ = 164.8, 157.9, 148.8, 145.0, 143.4, 141.1, 139.1, 138.8, 
136.2, 130.8, 130.2, 128.9, 128.7, 127.1, 123.8, 117.4, 109.0, 97.3, 41.4 (Zr-CH3), 
24.2, 21.3, 14.0, 11.5, 3.3. Elemental analysis calcd. (%) for 
C42H53BN2SiZr(CH2Cl2)0.5: C 67.30, H 7.18, N 3.69; found: C 67.35, H 7.45, N 3.62.  
 
Complex Zr-2(Bn)2 
To a solution of Zr-2 (100 mg, 0.132 mmol) in diethyl ether (8 mL) at −35 ºC was 
added benzylMgCl (1.0 M in diethyl ether, 0.29 mL, 0.29 mmol). The solution became 
a suspension within 5 min and was stirred overnight at room temperature in the dark. 
After the removal of the insoluble solid through celite, the solution was concentrated 
to ~ 1 mL and cooled to −35 ºC overnight to afford a yellow solid. Yield: 68 mg 
(48.7%). The solid was recrystallized from diethyl ether at -35 ºC to give yellow 
crystals. 1H NMR (CD2Cl2): δ = 7.50 (dd, J = 7.6, 0.7 Hz, 1H), 7.45–7.33 (m, 2H), 
7.29 (td, J = 7.4, 1.2 Hz, 1H), 7.21 (dd, J = 8.0, 7.4 Hz, 1H), 6.98 (t, J = 7.7 Hz, 4H), 
6.77 (t, J = 7.3 Hz, 2H), 6.69–6.59 (m, 9H), 5.77 (dd, J = 8.1, 0.8 Hz, 1H), 2.20 (s, 
6H), 2.06, 1.93 (d, J = 52 Hz, 2H, Zr-CH2Ph), 2.03, 1.90 (d, J = 52 Hz, 2H, Zr-CH2Ph), 
1.95 (s, 12H), 1.86 (s, 6H), 1.76 (s, 6H), 0.49 (s, 6H). 13C NMR (CD2Cl2): δ = 164.7, 
158.8, 148.3, 147.4, 145.7, 143.3, 141.02, 138.9, 138.1, 136.0, 130.7, 130.4, 129.2, 
128.6, 128.4, 128.2, 127.0, 125.4, 121.6, 118.3, 108.9, 99.0, 68.3 (Zr-CH2Ph), 23.9, 
21.3, 13.8, 11.3, 2.7. Elemental analysis calcd. (%) for C54H61BN2SiZr(CH2Cl2)0.5: C 
71.88, H 6.86, N 3.08; found: C 71.98, H 7.08, N 3.13.  
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Complex Zr-2(CH2SiMe3)2 
To a solution of Zr-2 (100 mg, 0.132 mmol) in diethyl ether (8 mL) at −35 ºC was 
added Me3SiCH2MgCl (1.0 M in diethyl ether, 0.29 mL, 0.29 mmol). The solution 
became a suspension within 10 min and was stirred overnight at room temperature in 
the dark. After the removal of the insoluble solid through celite, the solution was 
concentrated to ~ 0.5 mL and cooled to −35 ºC overnight to give yellow crystals. 
Yield: 76 mg (61.3%). 1H NMR (CD2Cl2): δ = 8.07 (d, J = 7.4 Hz, 1H), 7.56 (td, J = 7.4, 
1.5 Hz, 1H), 7.42 (dd, J = 7.5, 1.4 Hz, 1H), 7.36 (td, J = 7.4, 1.0 Hz, 1H), 7.07 (t, J = 
7.7 Hz, 1H), 6.62 (s, 4H), 6.56 (d, J = 7.3 Hz, 1H), 5.68 (d, J = 8.0 Hz, 1H), 2.19 (d, J 
= 2.7 Hz, 12H), 2.10 (s, 6H), 1.97 (s, 12H), 0.58, 0.10 (d, J = 192 Hz, 2H, Zr-
CH2SiMe3), 0.54 (m, 6H), 0.56, 0.07 (d, J = 196 Hz, 2H, Zr-CH2SiMe3), -0.20 (s, 18H). 
13C NMR (CD2Cl2): δ = 164.2, 158.1, 147.6, 146.9, 143.3, 141.0, 138.8, 137.4, 136.4, 
131.7, 130.1, 128.5, 128.4, 128.2, 124.8, 118.4, 108.6, 98.7, 58.2 (Zr-CH2SiMe3), 
24.0, 21.3, 15.5, 14.9, 12.6, 3.6, 2.9. Elemental analysis calcd. (%) for 
C48H69BN2Si3Zr(Et2O): C 66.83, H 8.52, N 3.00; found: C 66.36, H 8.49, N 3.26.  
 
In Situ Preparation of [Zr-2(CH3)]
+[B(C6F5)4]
- 
 To a solution of Zr-2(CH3)2 (10.0 mg, 11.8 mol) in CD2Cl2 (0.3 mL) was added a 
solution of [Ph3C]
+[B(C6F5)4]
- (10.9 mg, 11.8 mol) in CD2Cl2 (0.3 mL) at room 
temperature.  1H and 13C NMR spectra were measured immediately and were 
indicative for the complete formation of [Zr-2(CH3)]
+[B(C6F5)4]
-. 1H NMR (CD2Cl2): δ 
= 7.87 (dd, J = 8.2, 7.7 Hz, 1H), 7.84–7.77 (m, 2H), 7.57 (d, J = 6.6 Hz, 1H), 7.35 (s, 
1H), 7.31–7.24 (m, 8H), 7.24–7.18 (m, 3H), 7.11 (ddd, J = 2.9, 2.2, 1.1 Hz, 6H), 6.95 
(d, J = 1.8 Hz, 1H), 6.70 (d, J = 1.4 Hz, 1H), 6.56 (dd, J = 8.3, 1.0 Hz, 1H), 6.45 (s, 
1H), 2.45–2.37 (m, 9H), 2.27 (s, 3H), 2.24 (s, 3H), 2.18 (s, 3H, Ph3C-CH3), 2.09 (d, J 
= 4.6 Hz, 6H), 1.92 (s, 3H), 1.74 (s, 3H), 1.49 (s, 3H), 0.95 (s, 3H), 0.56 (s, 3H), -0.05 
(s, 3H, Zr-CH3). 
13C NMR (CD2Cl2): δ = 164.2, 160.2, 150.2, 150.2, 149.5, 144.2, 
142.3, 139.6, 138.3, 137.9, 136.5, 135.5, 135.1, 132.5, 131.4, 131.0, 130.8, 130.3, 
129.6, 129.1, 128.5, 128.2, 127.5, 126.7, 126.3, 123.7, 115.2, 111.3, 104.6, 52.9 (Zr-
CH3), 37.9, 30.6, 28.4, 26.3, 25.9, 22.6, 20.5, 17.0, 15.8, 12.8, 11.7, 7.1, 3.8. 
19F 
NMR (CD2Cl2): δ = -133.0 (d, J = 13.0 Hz), -163.7 (t, J = 21.1 Hz), -165.1 – -170.3 
(m).  
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 Complex [Zr-2(CH3)Et2O]
+[B(C6F5)4]
- 
 A solution of [Ph3C]
+[B(C6F5)4]
- (54.5 mg, 59.0 mol) in CH2Cl2 (1.5 mL) was added 
to a solution of Zr-2(CH3)2 (50.0 mg, 59.0 mol) in CH2Cl2 (1.5 mL) at room 
temperature. The mixture was stirred for 10 min; then the solvent was removed in 
vacuo. The resulting residue was recrystallized from diethyl ether and n-pentane at 
room temperature to obtain a yellow solid. Yield: 65 mg (73.6%). 1H NMR (CD2Cl2): δ 
= 7.91–7.85 (m, 1H), 7.85–7.77 (m, 2H), 7.57 (dd, J = 7.6, 0.9 Hz, 1H), 7.35 (s, 1H), 
7.30–7.23 (m, 2H), 6.95 (d, J = 1.6 Hz, 1H), 6.70 (s, 1H), 6.56 (dd, J = 8.3, 0.9 Hz, 
1H), 6.44 (s, 1H), 3.45 (q, J = 7.0 Hz, 4H), 2.46–2.36 (m, 9H), 2.26 (d, J = 11.2 Hz, 
6H), 2.09 (d, J = 5.4 Hz, 6H), 1.92 (s, 3H), 1.74 (s, 3H), 1.49 (s, 3H), 1.16 (t, J = 7.0 
Hz, 6H), 0.95 (s, 3H), 0.56 (s, 3H), -0.06 (s, 3H, Zr-CH3). 
13C NMR (CD2Cl2): δ = 
164.2, 160.2, 150.3, 150.2, 149.8, 144.2, 142.3, 139.6, 138.3, 137.9, 136.5, 135.5, 
135.1, 132.5, 131.4, 131.0, 130.8, 130.3, 129.6, 128.5, 127.5, 126.7, 123.7, 115.2, 
111.3, 104.6, 37.9, 28.4, 26.3, 25.9, 22.6, 20.5, 17.0, 15.8, 12.8, 11.7, 7.1, 3.8. The 
signal of Zr-CH3 in the 
13C NMR spectrum was invisible due to an overlap with the 
signal of CD2Cl2. 
19F NMR (CD2Cl2): δ = -133.1 (d, J = 13.1 Hz), -163.7 (t, J = 20.9 
Hz), -166.4 – -168.9 (m). Elemental analysis calcd. (%) for 
C69H60B2F20N2OSiZr(CH2Cl2)0.5: C 55.78, H 4.11, N 1.87; found: C 55.60, H 4.20, N 
1.96.  
 
In Situ Preparation of [Zr-2(Bn)]+[B(C6F5)4]
- 
To a solution of Zr-2(Bn)2 (13.0 mg, 12.3 mol) in CD2Cl2 (0.3 mL) was added a 
solution of [Ph3C]
+[B(C6F5)4]
- (11.3 mg, 12.3 mol) in CD2Cl2 (0.3 mL) at room 
temperature.  1H and 13C NMR spectra were measured immediately and were 
indicative for the complete conversion of [Zr-2(Bn)]+[B(C6F5)4]
-. 1H NMR (CD2Cl2): δ 
= 8.01 (t, J = 7.9 Hz, 1H), 7.80–7.75 (m, 1H), 7.64 (dd, J = 13.9, 7.2 Hz, 2H), 7.29 (t, 
J = 7.3 Hz, 2H), 7.26–7.12 (m, 16H), 7.04 (t, J = 7.4 Hz, 1H), 6.94 (dt, J = 10.5, 7.8 
Hz, 4H), 6.81 (dd, J = 16.3, 8.1 Hz, 3H), 6.63 (d, J = 7.9 Hz, 3H), 6.47–6.38 (m, 3H), 
3.95 (s, 2H, Ph3C-CH2Ph), 2.41 (s, 3H), 2.40 (s, 3H), 2.38 (s, 3H), 2.37, 1.57 (d, J = 
320 Hz, 1H, Zr-CH2Ph), 2.34, 1.54 (d, J = 320 Hz, 1H, Zr-CH2Ph), 2.29 (s, 3H), 2.24 
(s, 3H), 2.22 (s, 3H), 2.07 (s, 3H), 1.93 (s, 3H), 1.51 (s, 3H), 1.08 (s, 3H), 0.81 (s, 3H), 
0.68 (s, 3H). 13C NMR (CD2Cl2): δ = 164.1, 160.6, 151.3, 149.2, 149.1, 147.2, 143.9, 
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142.9, 141.2, 141.0, 139.0, 136.5, 135.4, 135.1, 131.7, 131.5, 131.4, 130.7, 130.2, 
130.1, 130.1, 129.8, 129.1, 128.7, 128.7, 128.0, 127.6, 126.7, 126.5, 126.3, 126.3, 
126.3, 124.3, 123.9, 114.8, 111.8, 105.1, 64.0 (Zr-CH2Ph), 59.0 (Ph3C-CH2Ph), 46.4 
(Ph3C-CH2Ph), 28.0, 26.7, 23.5, 23.2, 20.6, 20.5, 16.7, 16.6, 13.4, 11.8, 7.0, 3.2. 
19F 
NMR (CD2Cl2): δ = -133.0 (d, J = 13.5 Hz), -163.7 (t, J = 21.1 Hz), -166.4 – -169.3 
(m).  
 
In Situ Preparation of [Zr-2(CH2SiMe3)]
+[B(C6F5)4]
- (partial conversion) 
To a solution of Zr-2(CH2SiMe3)2 (4.7 mg, 5.0 mol) in CD2Cl2 (0.3 mL) was added a 
solution of [Ph3C]
+[B(C6F5)4]
- (4.6 mg, 5.0 mol) in CD2Cl2 (0.3 mL) at room 
temperature and the mixture was stirred overnight. The 1H NMR spectrum revealed ~ 
28 mol-% conversion of Zr-2(CH2SiMe3)2 to [Zr-2(CH2SiMe3)]
+[B(C6F5)4]
- as 
evidenced by the ratio of intensities of (converted aromatic protons)/(converted + 
non-converted aromatic protons) (Figure S95). 
 
3.3 Variable-Temperature 1H and 11B NMR Measurements 
Manipulations were carried out inside a glove box under a nitrogen atmosphere. 
Catalyst:MAO:NBE = 1:30:10, [catalyst] = 0.025 mol L-1. MAO or MAO/NBE were 
dissolved in toluene-d8 and kept in an NMR tube, after cooling at -37 °C for 2 h, a 
chilled solution of the catalyst in toluene-d8 was added to the NMR tube. The total 
volume of the solution was ~ 0.6 mL. The NMR tube was chilled in liquid nitrogen 
prior to 1H and 11B NMR measurements.  
 
3.4 General Procedure for NBE Homopolymerization 
All preparations were carried out inside a glove box. NBE homopolymerization 
reactions were carried out in Schlenk tubes. 
a) MAO-activation: Defined amounts of NBE and MAO were dissolved in toluene (45 
mL) in a Schlenk tube. The mixture was stirred for 5 min prior to the addition of a 
defined amount of catalyst in toluene (5 mL) and heated to the desired temperature.  
b) [Ph3C]
+[B(C6F5)4]
- activation: Defined amounts of NBE were dissolved in toluene 
(40 mL) in a Schlenk tube. Then a toluene solution (5 mL) of a defined amount of the 
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pre-catalyst was added. The mixture was stirred for 5 min before the addition of a 
defined amount of [Ph3C]
+[B(C6F5)4]
- in toluene (5 mL) and heated to the desired 
temperature. 
The reaction was quenched after 1 h by the addition of methanol (10 mL). The 
resulting mixture was poured into a solution of acidic methanol (500 mL of methanol 
containing 10 mL of concentrated HCl). The polymer was collected by filtration and 
washed with methanol (3 × 100 mL), then dried in vacuo at 50 °C for 2 days.  
 
3.5 General Procedure for E Homo-/E-CPE and E-NBE 
Copolymerization  
Samples were prepared inside a glove box. Polymerization reactions were conducted 
by using a Büchi glass reactor (500 mL), which was dried at 120 ºC in vacuo for 2 h, 
cooled to 30 ºC and purged with Ar gas before use.  
a) MAO-activation: A solution of CPE or NBE in toluene (ca. 240 mL) and a solution 
of a defined amount of MAO in toluene (5 mL) were quickly introduced into the 
reactor and stirred (300 rpm) for 5 min at 30 ºC before the addition of a solution of the 
pre-catalyst in toluene (5 mL). The reactor was pressurized with ethylene gas once 
the mixture had reached the desired temperature. 
b) [Ph3C]
+[B(C6F5)4]
- and AliBu3-activation: A solution of NBE in toluene (ca. 240 mL), 
a solution of the pre-catalyst in toluene (5 mL) and a solution of a defined amount of 
AliBu3 in toluene were quickly introduced into the reactor and stirred (300 rpm) for 5 
min at 30 ºC before the addition of a solution of [Ph3C]
+[B(C6F5)4]
- in toluene (5 mL). 
Ethylene gas was introduced to the reactor once the mixture had reached the desired 
temperature.  
The polymerization reaction was quenched after 1 h by the addition of methanol (10 
mL). The resulting mixture was poured into a solution of acidic methanol (500 mL of 
methanol containing 10 mL of concentrated HCl). The polymer was collected by 
filtration and washed with methanol. All the E-NBE copolymers were extracted 
extensively with THF at 50 ºC overnight before filtration. The resulting polymers were 
adequately washed with methanol and then dried in vacuo at 50 ºC for 2 days. 
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3.6 X-ray Measurements and Structure Determination  
X-ray measurements of single-crystals and the corresponding structure determination 
were carried out by Dr. Wolfgang Frey at the Institute of Organic Chemistry, 
University of Stuttgart, Germany. Data were collected on a Bruker Kappa Apex 2 duo 
diffractometer at 100 K. The structures were solved using direct methods with 
refinement by full matrix least-squares of F2, with the program system SHELXL 97 in 
connection with a multi-scan absorption correction.[7] All non-hydrogen atoms were 
refined anisotropically. 
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Figure S1. Variable-temperature 11B NMR spectra of Zr-2/MAO in toluene-d8 (0-80 
ºC). 
 
 
Figure S2. Variable-temperature 11B NMR spectra of Zr-2/MAO/NBE in toluene-d8 (0-
80 ºC). 
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Figure S3. 13C NMR spectra of PE prepared by a) Zr-2/MAO at 30 ºC and b) Zr-
2/MAO at 65 ºC in 1,1,2,2-tetrachloroethane-d2 (Table 2.9, entries 4 and 6). 
 
 
Figure S4. 13C NMR spectrum of PE prepared by Zr-3/MAO at 80 ºC in 1,1,2,2-
tetrachloroethane-d2 (Table 2.9, entry 8). 
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Figure S5. 1H NMR spectrum of PE produced by Zr-2(CH3)2/[Ph3C]
+[B(C6F5)4]
-/AliBu3 
at 50 ºC (1,1,2,2-tetrachloroethane-d2) (Table 2.9, entry 9). 
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Figure S6. a) 1H NMR and b) 13C NMR spectra of poly(NBE)ROMP produced by Zr-
1/MAO at 50 ºC in 1,1,2,2- tetrachloroentane-d2 (Table 2.10, entry 1). 
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Figure S7. a) 1H NMR and b) 13C NMR spectra of poly(NBE)ROMP produced by Zr-
1/MAO at 65 ºC in 1,1,2,2-tetrachloroentane-d2 (Table 2.10, entry 2).  
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Figure S8. a) 1H NMR and b) 13C NMR spectra of poly(NBE)ROMP produced by Zr-
2/MAO at 50 ºC in 1,1,2,2-tetrachloroentane-d2 (Table 2.10, entry 5). 
 
 
Figure S9. a) 1H NMR and b) 13C NMR spectra of poly(NBE)VIP-co-poly(NBE)ROMP 
produced by Hf-1/MAO at 50 ºC in 1,1,2,2-tetrachloroentane-d2 (Table 2.10, entry 3).  
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Figure S10. a) 1H NMR and b) 13C NMR spectra of poly(NBE)ROMP produced by Zr-
2(CH3)2/[Ph3C]
+[B(C6F5)4]
- at 80 ºC in 1,1,2,2-tetrachloroethane-d2 (Table 2.11, entry 
3). 
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Figure S11. a) 1H NMR and b) 13C NMR spectra of poly(NBE)ROMP produced by Zr-
2(Bn)2/[Ph3C]
+[B(C6F5)4]
- at 80 ºC in 1,1,2,2-tetrachloroethane-d2 (Table 2.11, entry 
6). 
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Figure S12. a) 1H NMR and b) 13C NMR spectra of poly(NBE)ROMP produced by Zr-
2(CH2SiMe3)2/[Ph3C]
+[B(C6F5)4]
- at 50 ºC in 1,1,2,2-tetrachloroethane-d2 (Table 2.11, 
entry 7). 
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Figure S13. 13C NMR spectrum of PE-co-poly(CPE) produced by Zr-2/MAO at [CPE] 
= 2.0 mol L-1 in 1,1,2,2-tetrachloroethane-d2 (Table 2.12, entry 11). 
 
 
Figure S14. 13C NMR spectrum of poly(E)-co-poly(NBE)VIP produced by Hf-1/MAO in 
1,1,2,2-tetrachloroethane-d2 (Table 2.13, entry 9). 
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Figure S15. 13C NMR spectrum of poly(E)-co-poly(NBE)VIP produced by Zr-3/MAO in 
1,1,2,2-tetrachloroethane-d2 (Table 2.13, entry 10). 
 
 
Figure S16. 13C NMR spectrum of poly(E)-co-poly(NBE)VIP-co-poly(NBE)ROMP 
produced by Zr-2/MAO in 1,1,2,2-tetrachloroethane-d2 (Table 2.13, entry 12). 
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Figure S17. 1H NMR spectrum of poly(E)-co-poly(NBE)VIP-co-poly(NBE)ROMP 
produced by Zr-2/MAO in 1,1,2,2-tetrachloroethane-d2 (Table 2.13, entry 12). 
 
 
Figure S18. 13C NMR spectrum of poly(E)-co-poly(NBE)VIP-co-poly(NBE)ROMP 
produced by Zr-2/MAO in 1,1,2,2-tetrachloroethane-d2 (Table 2.13, entry 13). 
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Figure S19. 13C NMR spectrum of poly(E)-co-poly(NBE)VIP-co-poly(NBE)ROMP 
produced by Zr-2/MAO in 1,1,2,2-tetrachloroethane-d2 (Table 2.13, entry 14). 
 
 
Figure S20. 13C NMR spectrum of poly(E)-co-poly(NBE)VIP produced by Zr-2/MAO in 
1,1,2,2-tetrachloroethane-d2 (Table 2.13, entry 16). 
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Figure S21. 13C NMR spectrum of poly(E)-co-poly(NBE)VIP produced by Ti-2/MAO in 
1,1,2,2-tetrachloroethane-d2 (Table 2.13, entry 17). 
 
 
Figure S22. 1H NMR spectrum of poly(E)-co-poly(NBE)VIP produced by Zr-
2(CH3)2/[Ph3C]
+[B(C6F5)4]
-/AliBu3 at 80 ºC in 1,1,2,2-tetrachloroethane-d2 (Table 2.14, 
entry 3). 
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Figure S23. 13C NMR spectrum of poly(E)-co-poly(NBE)VIP produced by Zr-
2(Bn)2/[Ph3C]
+[B(C6F5)4]
-/AliBu3 at 50 ºC in 1,1,2,2-tetrachloroethane-d2 (Table 2.14, 
entry 4).  
 
 
Figure S24. 13C NMR spectrum of poly(E)-co-poly(NBE)VIP produced by Zr-
2(CH2SiMe3)2/[Ph3C]
+[B(C6F5)4]
-/AliBu3 at 50 ºC in 1,1,2,2-tetrachloroethane-d2 
(Table 2.14, entry 5). 
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Figure S25. DSC curves for poly(NBE)VIP-co-poly(E) produced by Zr-
2(R)2/[Ph3C]
+[B(C6F5)4]
-/AliBu3 (R = Bn, CH2SiMe3) (Table 2.14, entries 4-5). 
 
 
Figure S26. 11B NMR spectrum of Zr-2(CH3)2 in toluene-d8 at 25 ºC. 
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Figure S27. 19F NMR spectrum of [Ph3C]
+[B(C6F5)4]
- in CD2Cl2. 
 
 
Figure S28. 13C NMR spectrum of poly(E)-co-poly(NBE)VIP produced by Zr-
2(CH3)2/MAO at 50 ºC in1,1,2,2-tetrachloroethane-d2 (Table 2.14, entry 6). 
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Figure S29. 13C NMR spectrum of poly(E)-co-poly(NBE)VIP produced by Zr-
2(Bn)2/MAO at 50 ºC in 1,1,2,2-tetrachloroethane-d2 (Table 2.14, entry 7). 
 
 
Figure S30. 13C NMR spectrum of poly(NBE)ROMP-co-poly(NBE)VIP-co-PE produced 
by Zr-2(CH2SiMe3)2/MAO at 30 ºC in 1,1,2,2-tetrachloroethane-d2 (Table 2.14, entry 
8). 
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Figure S31. 1H NMR spectrum of poly(NBE)ROMP-co-poly(NBE)VIP-co-PE produced 
by produced by Zr-2(CH2SiMe3)2/MAO at 30 ºC in 1,1,2,2-tetrachloroethane-d2 
(Table 2.14, entry 8). 
 
 
Figure S32. 13C NMR spectrum of poly(NBE)ROMP-co-poly(NBE)VIP-co-PE produced 
by Zr-2(CH2SiMe3)2/MAO at 50 ºC in 1,1,2,2-tetrachloroethane-d2 (Table 2.14, entry 
9).  
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Figure S33. 13C NMR spectrum of poly(NBE)ROMP-co-poly(NBE)VIP-co-PE produced 
by Zr-2(CH2SiMe3)2/MAO at 50 ºC in 1,1,2,2-tetrachloroethane-d2 (29-48 ppm, Table 
2.14, entry 9).  
 
 
Figure S34. 13C NMR spectrum of poly(NBE)ROMP-co-poly(NBE)VIP-co-PE produced 
by Zr-2(CH2SiMe3)2/MAO at 80 ºC in 1,1,2,2-tetrachloroethane-d2 (Table 2.14, entry 
10). 
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Figure S35. 1H NMR spectrum of poly(NBE)ROMP-co-poly(NBE)VIP-co-PE produced 
by produced by Zr-2(CH2SiMe3)2/MAO at 80 ºC in 1,1,2,2-tetrachloroethane-d2 
(Table 2.14, entry 10). 
 
 
Figure S36. DSC curves for poly(NBE)ROMP and poly(NBE)ROMP-co-poly(NBE)VIP-co-
PE. 
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Figure S37. 1H NMR spectrum of 1-octene in toluene-d8 at 60 ºC.  
 
 
Figure S38. Variable-temperature 1H NMR spectra of Zr-1/MAO in toluene-d8 (-60-80 
ºC). 
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Figure S39. Variable-temperature 1H NMR spectra of Zr-1/MAO in toluene-d8 (-1.0-
2.2 ppm, -60-80 ºC). 
 
 
Figure S40. Variable-temperature 1H NMR spectra of Zr-1/MAO/NBE in toluene-d8 (-
60-80 ºC). 
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Figure S41. Variable-temperature 1H NMR spectra of Zr-1/MAO/NBE in toluene-d8 
(4.2-9.0 ppm, -60-80 ºC). 
 
 
Figure S42. Variable-temperature 1H NMR spectra of Zr-2/MAO in toluene-d8 (-60-80 
ºC). 
Chapter 4                                                                                                       Appendix 
 
140 
 
 
Figure S43. Variable-temperature 1H NMR spectra of Zr-2/MAO/NBE in toluene-d8 (-
60-80 ºC). 
 
 
Figure S44. 1H NMR of compound 3 in CD2Cl2. 
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Figure S45. 13C NMR of compound 3 in C6D6. 
 
 
Figure S46. 1H NMR of compound 4 in C6D6. 
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Figure S47. 13C NMR of compound 4 in C6D6. 
 
 
Figure S48. 1H NMR of complex Zr-1 in CD2Cl2. 
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Figure S49. 13C NMR of complex Zr-1 in CD2Cl2. 
 
 
Figure S50. 1H NMR of complex Zr-1 in C6D6. 
 
Chapter 4                                                                                                       Appendix 
 
144 
 
 
Figure S51. 13C NMR of complex Zr-1 in C6D6. 
 
 
Figure S52. 1H NMR of complex Hf-1 in C6D6. 
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Figure S53. 13C NMR of complex Hf-1 in C6D6. 
 
 
Figure S54. 1H NMR of compound 5 in THF-d8. 
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Figure S55. 13C NMR of compound 5 in THF-d8. 
 
 
Figure S56. 1H NMR of compound 6 in C6D6. 
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Figure S57. 1H NMR of compound 7 in C6D6. 
 
 
Figure S58. 13C NMR of compound 7 in C6D6. 
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Figure S59. 1H NMR of complex Zr-2 in C6D6. 
 
 
Figure S60. 13C NMR of complex Zr-2 in C6D6. 
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Figure S61. 1H NMR of complex Ti-2 in CD2Cl2. 
 
 
Figure S62. 1H NMR of complex Ti-2 in C6D6. 
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Figure S63. 13C NMR of complex Ti-2 in CD2Cl2. 
 
 
Figure S64. 13C NMR of complex Ti-2 in C6D6. 
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Figure S65. 1H NMR of complex Ti-2´ in CD2Cl2. 
 
 
Figure S66. 1H NMR of complex Ti-2´ in C6D6. 
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Figure S67. 13C NMR of complex Ti-2´ in C6D6. 
 
 
Figure S68. 1H NMR of compound 8 in C6D6. 
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Figure S69. 1H NMR of compound 8 in CDCl3. 
 
 
Figure S70. 13C NMR of compound 8 in CDCl3. 
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Figure S71. 1H NMR of compound 9 in THF-d8. 
 
 
Figure S72. 1H NMR of complex Zr-3 in C6D6. 
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Figure S73. 13C NMR of complex Zr-3 in C6D6. 
 
 
Figure S74. IR spectrum of compound 3.  
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Figure S75. IR spectrum of compound 5. 
 
 
Figure S76. IR spectrum of compound 7. 
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Figure S77. IR spectrum of compound 8.  
 
 
Figure S78. 1H NMR spectrum of Zr-2(CH3)2 in C6D6. 
 
Chapter 4                                                                                                       Appendix 
 
158 
 
 
Figure S79. 1H NMR spectrum of Zr-2(CH3)2 in toluene-d8. 
 
 
Figure S80. 1H NMR spectrum of Zr-2(CH3)2 in CD2Cl2. 
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Figure S81. 13C NMR spectrum of Zr-2(CH3)2 in C6D6. 
 
 
Figure S82. 1H NMR spectrum of Zr-2(Bn)2 in CD2Cl2. 
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Figure S83. 13C NMR spectrum of Zr-2(Bn)2 in CD2Cl2. 
 
 
Figure S84. 1H NMR spectrum of Zr-2(CH2SiMe3)2 in CD2Cl2. 
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Figure S85. 13C NMR spectrum of Zr-2(CH2SiMe3)2 in CD2Cl2. 
 
 
Figure S86. 1H NMR spectrum of in situ formation of [Zr-2(CH3)]
+[B(C6F5)4]
- in 
CD2Cl2. 
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Figure S87. 13C NMR spectrum of in situ formation of [Zr-2(CH3)]
+[B(C6F5)4]
- in 
CD2Cl2. 
 
 
Figure S88. 19F NMR spectrum of in situ formation of [Zr-2(CH3)]
+[B(C6F5)4]
- in 
CD2Cl2. 
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Figure S89. 1H NMR spectrum of [Zr-2(CH3)Et2O]
+[B(C6F5)4]
- in CD2Cl2. 
 
 
Figure S90. 13C NMR spectrum of [Zr-2(CH3)Et2O]
+[B(C6F5)4]
- in CD2Cl2. 
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Figure S91. 19F NMR spectrum of [Zr-2(CH3)Et2O]
+[B(C6F5)4]
- in CD2Cl2. 
 
 
Figure S92. 1H NMR spectrum of in situ formation of [Zr-2(Bn)]+[B(C6F5)4]
- in CD2Cl2. 
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Figure S93. 13C NMR spectrum of in situ formation of [Zr-2(Bn)]+[B(C6F5)4]
- in 
CD2Cl2. 
 
 
Figure S94. 19F NMR spectrum of in situ formation of [Zr-2(Bn)]+[B(C6F5)4]
- in 
CD2Cl2. 
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Figure S95. 1H NMR spectra of in situ formation of [Zr-2(CH2SiMe3)]
+[B(C6F5)4]
- in 
CD2Cl2 a) -0.5-8.5 ppm and b) 5.5-8.2 ppm. 
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Figure S96. HT-GPC calibration curve with poly(stryrene) standards (162-6 035 000 
g mol-1). 
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Single-crystal X-ray analysis 
 
 
Figure S97. Single-crystal X-ray analysis data of compound 3. 
 
Table S1.1 Crystal data and structure refinement for 3. 
Empirical formula 
Formula weight 
C30H33BN2Si 
460.48 
Temperature 100(2) K 
Wavelength 0.71073 Å 
Crystal system, space group Orthorhombic,  Pbcn 
Unit cell dimensions a = 21.8109(17) Å α = 90º 
 
b = 13.5026(11) Å β = 90º 
 
c = 17.5034(16) Å γ = 90º 
Volume 5154.8(7) Å3 
Z, Calculated density 8,  1.187 mg/m3 
Absorption coefficient 0.112 mm-1 
F(000) 1968 
Crystal size 0.43 x 0.09 x 0.06 mm 
Theta range for data collection 1.77 to 25.07º 
Limiting indices -25<=h<=24, -16<=k<=15, -19<=l<=20 
Reflections collected / unique 17983 / 4564 [R(int) = 0.0865] 
Completeness to theta = 25.07 99.60% 
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.7452 and 0.6735 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 4564 / 0 / 316 
Goodness-of-fit on F2 1.035 
Final R indices [I>2(I)] R1 = 0.0481, wR2 = 0.0802 
R indices (all data) R1 = 0.1145, wR2 = 0.0912 
Extinction coefficient 0.00108(13) 
Largest diff. peak and hole 0.293 and -0.273 e.Å-3 
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Table S1.2 Atomic coordinates (×104) and equivalent isotropic displacement 
parameters (Å2×103) for 3. U(eq) is defined as one third of the trace of the 
orthogonalized Uij tensor. 
 
x y z U(eq) 
Si(1) 6377(1) 8907(1) 1982(1) 21(1) 
N(1) 6656(1) 6632(1) 3427(1) 17(1) 
C(1) 6794(1) 7456(2) 3026(1) 20(1) 
B(1) 6024(1) 5955(2) 3380(2) 20(1) 
N(2) 6346(1) 7865(1) 2576(1) 21(1) 
C(2) 7382(1) 7865(2) 3083(1) 22(1) 
C(3) 7804(1) 7464(2) 3568(1) 23(1) 
C(4) 7655(1) 6629(2) 3996(1) 21(1) 
C(5) 7083(1) 6217(2) 3906(1) 19(1) 
C(6) 6829(1) 5323(2) 4257(1) 18(1) 
C(7) 6235(1) 5142(2) 3987(1) 21(1) 
C(8) 5923(1) 4334(2) 4300(1) 25(1) 
C(9) 6195(1) 3750(2) 4856(1) 30(1) 
C(10) 6788(1) 3940(2) 5100(1) 30(1) 
C(11) 7111(1) 4727(2) 4802(1) 26(1) 
C(12) 6632(1) 10037(2) 2539(1) 20(1) 
C(13) 6259(1) 10200(2) 3257(1) 19(1) 
C(14) 6240(1) 9641(2) 3920(1) 22(1) 
C(15) 5875(1) 9959(2) 4522(1) 25(1) 
C(16) 5532(1) 10820(2) 4461(2) 28(1) 
C(17) 5544(1) 11384(2) 3801(1) 26(1) 
C(18) 5915(1) 11078(2) 3199(1) 19(1) 
C(19) 6061(1) 11551(2) 2468(1) 20(1) 
C(20) 5864(1) 12441(2) 2157(2) 26(1) 
C(21) 6101(1) 12737(2) 1458(2) 32(1) 
C(22) 6531(1) 12174(2) 1083(2) 32(1) 
C(23) 6736(1) 11284(2) 1393(1) 27(1) 
C(24) 6495(1) 10966(2) 2085(1) 21(1) 
C(25) 5583(1) 9080(2) 1639(1) 30(1) 
C(26) 6912(1) 8672(2) 1182(2) 38(1) 
C(27) 5971(1) 5525(2) 2509(2) 24(1) 
C(28) 6565(1) 5124(2) 2164(1) 32(1) 
C(29) 5426(1) 6560(2) 3667(1) 25(1) 
C(30) 5495(1) 7063(2) 4442(2) 32(1) 
 
Table S1.3 Bond lengths [Å] and angles [º] for 3.  
Si(1)-N(2) 1.7498(19) C(14)-H(14) 0.95 
Si(1)-C(25) 1.847(2) C(15)-C(16) 1.388(3) 
Si(1)-C(26) 1.851(2) C(15)-H(15) 0.95 
Si(1)-C(12) 1.894(2) C(16)-C(17) 1.383(3) 
N(1)-C(1) 1.350(3) C(16)-H(16) 0.95 
N(1)-C(5) 1.373(3) C(17)-C(18) 1.392(3) 
N(1)-B(1) 1.655(3) C(17)-H(17) 0.95 
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C(1)-N(2) 1.371(3) C(18)-C(19) 1.465(3) 
C(1)-C(2) 1.400(3) C(19)-C(20) 1.387(3) 
B(1)-C(7) 1.596(3) C(19)-C(24) 1.403(3) 
B(1)-C(29) 1.619(3) C(20)-C(21) 1.387(3) 
B(1)-C(27) 1.636(4) C(20)-H(20) 0.95 
N(2)-H(2A) 0.88(2) C(21)-C(22) 1.375(3) 
C(2)-C(3) 1.363(3) C(21)-H(21) 0.95 
C(2)-H(2) 0.95 C(22)-C(23) 1.392(3) 
C(3)-C(4) 1.392(3) C(22)-H(22) 0.95 
C(3)-H(3) 0.95 C(23)-C(24) 1.389(3) 
C(4)-C(5) 1.375(3) C(23)-H(23) 0.95 
C(4)-H(4) 0.95 C(25)-H(25A) 0.98 
C(5)-C(6) 1.464(3) C(25)-H(25B) 0.98 
C(6)-C(11) 1.392(3) C(25)-H(25C) 0.98 
C(6)-C(7) 1.400(3) C(26)-H(26A) 0.98 
C(7)-C(8) 1.397(3) C(26)-H(26B) 0.98 
C(8)-C(9) 1.387(3) C(26)-H(26C) 0.98 
C(8)-H(8) 0.95 C(27)-C(28) 1.530(3) 
C(9)-C(10) 1.386(3) C(27)-H(27A) 0.99 
C(9)-H(9) 0.95 C(27)-H(27B) 0.99 
C(10)-C(11) 1.378(3) C(28)-H(28A) 0.98 
C(10)-H(10) 0.95 C(28)-H(28B) 0.98 
C(11)-H(11) 0.95 C(28)-H(28C) 0.98 
C(12)-C(13) 1.513(3) C(29)-C(30) 1.523(3) 
C(12)-C(24) 1.515(3) C(29)-H(29A) 0.99 
C(12)-H(12) 1 C(29)-H(29B) 0.99 
C(13)-C(14) 1.385(3) C(30)-H(30A) 0.98 
C(13)-C(18) 1.407(3) C(30)-H(30B) 0.98 
C(14)-C(15) 1.389(3) C(30)-H(30C) 0.98 
    
N(2)-Si(1)-C(25) 105.00(10) C(14)-C(15)-H(15) 119.7 
N(2)-Si(1)-C(26) 109.61(11) C(17)-C(16)-C(15) 121.0(2) 
C(25)-Si(1)-C(26) 111.53(12) C(17)-C(16)-H(16) 119.5 
N(2)-Si(1)-C(12) 110.72(10) C(15)-C(16)-H(16) 119.5 
C(25)-Si(1)-C(12) 109.93(11) C(16)-C(17)-C(18) 118.7(2) 
C(26)-Si(1)-C(12) 109.96(11) C(16)-C(17)-H(17) 120.6 
C(1)-N(1)-C(5) 120.16(19) C(18)-C(17)-H(17) 120.6 
C(1)-N(1)-B(1) 127.94(19) C(17)-C(18)-C(13) 120.4(2) 
C(5)-N(1)-B(1) 111.74(18) C(17)-C(18)-C(19) 131.2(2) 
N(1)-C(1)-N(2) 118.2(2) C(13)-C(18)-C(19) 108.3(2) 
N(1)-C(1)-C(2) 119.5(2) C(20)-C(19)-C(24) 120.5(2) 
N(2)-C(1)-C(2) 122.4(2) C(20)-C(19)-C(18) 130.8(2) 
C(7)-B(1)-C(29) 111.9(2) C(24)-C(19)-C(18) 108.6(2) 
C(7)-B(1)-C(27) 113.4(2) C(21)-C(20)-C(19) 118.8(2) 
C(29)-B(1)-C(27) 114.3(2) C(21)-C(20)-H(20) 120.6 
C(7)-B(1)-N(1) 96.14(17) C(19)-C(20)-H(20) 120.6 
C(29)-B(1)-N(1) 112.17(19) C(22)-C(21)-C(20) 121.1(2) 
C(27)-B(1)-N(1) 107.53(18) C(22)-C(21)-H(21) 119.5 
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C(1)-N(2)-Si(1) 129.58(17) C(20)-C(21)-H(21) 119.5 
C(1)-N(2)-H(2A) 115.6(15) C(21)-C(22)-C(23) 120.6(3) 
Si(1)-N(2)-H(2A) 114.5(15) C(21)-C(22)-H(22) 119.7 
C(3)-C(2)-C(1) 120.4(2) C(23)-C(22)-H(22) 119.7 
C(3)-C(2)-H(2) 119.8 C(24)-C(23)-C(22) 119.1(2) 
C(1)-C(2)-H(2) 119.8 C(24)-C(23)-H(23) 120.5 
C(2)-C(3)-C(4) 120.0(2) C(22)-C(23)-H(23) 120.5 
C(2)-C(3)-H(3) 120 C(23)-C(24)-C(19) 119.9(2) 
C(4)-C(3)-H(3) 120 C(23)-C(24)-C(12) 129.7(2) 
C(5)-C(4)-C(3) 118.5(2) C(19)-C(24)-C(12) 110.4(2) 
C(5)-C(4)-H(4) 120.7 Si(1)-C(25)-H(25A) 109.5 
C(3)-C(4)-H(4) 120.7 Si(1)-C(25)-H(25B) 109.5 
N(1)-C(5)-C(4) 121.4(2) H(25A)-C(25)-H(25B) 109.5 
N(1)-C(5)-C(6) 109.57(19) Si(1)-C(25)-H(25C) 109.5 
C(4)-C(5)-C(6) 129.1(2) H(25A)-C(25)-H(25C) 109.5 
C(11)-C(6)-C(7) 122.7(2) H(25B)-C(25)-H(25C) 109.5 
C(11)-C(6)-C(5) 126.6(2) Si(1)-C(26)-H(26A) 109.5 
C(7)-C(6)-C(5) 110.7(2) Si(1)-C(26)-H(26B) 109.5 
C(8)-C(7)-C(6) 117.0(2) H(26A)-C(26)-H(26B) 109.5 
C(8)-C(7)-B(1) 131.1(2) Si(1)-C(26)-H(26C) 109.5 
C(6)-C(7)-B(1) 111.77(19) H(26A)-C(26)-H(26C) 109.5 
C(9)-C(8)-C(7) 120.7(2) H(26B)-C(26)-H(26C) 109.5 
C(9)-C(8)-H(8) 119.6 C(28)-C(27)-B(1) 115.74(19) 
C(7)-C(8)-H(8) 119.6 C(28)-C(27)-H(27A) 108.3 
C(10)-C(9)-C(8) 120.7(2) B(1)-C(27)-H(27A) 108.3 
C(10)-C(9)-H(9) 119.7 C(28)-C(27)-H(27B) 108.3 
C(8)-C(9)-H(9) 119.7 B(1)-C(27)-H(27B) 108.3 
C(11)-C(10)-C(9) 120.3(2) H(27A)-C(27)-H(27B) 107.4 
C(11)-C(10)-H(10) 119.9 C(27)-C(28)-H(28A) 109.5 
C(9)-C(10)-H(10) 119.9 C(27)-C(28)-H(28B) 109.5 
C(10)-C(11)-C(6) 118.6(2) H(28A)-C(28)-H(28B) 109.5 
C(10)-C(11)-H(11) 120.7 C(27)-C(28)-H(28C) 109.5 
C(6)-C(11)-H(11) 120.7 H(28A)-C(28)-H(28C) 109.5 
C(13)-C(12)-C(24) 102.04(17) H(28B)-C(28)-H(28C) 109.5 
C(13)-C(12)-Si(1) 112.70(15) C(30)-C(29)-B(1) 114.9(2) 
C(24)-C(12)-Si(1) 109.88(16) C(30)-C(29)-H(29A) 108.5 
C(13)-C(12)-H(12) 110.6 B(1)-C(29)-H(29A) 108.5 
C(24)-C(12)-H(12) 110.6 C(30)-C(29)-H(29B) 108.5 
Si(1)-C(12)-H(12) 110.6 B(1)-C(29)-H(29B) 108.5 
C(14)-C(13)-C(18) 120.2(2) H(29A)-C(29)-H(29B) 107.5 
C(14)-C(13)-C(12) 129.3(2) C(29)-C(30)-H(30A) 109.5 
C(18)-C(13)-C(12) 110.4(2) C(29)-C(30)-H(30B) 109.5 
C(13)-C(14)-C(15) 119.0(2) H(30A)-C(30)-H(30B) 109.5 
C(13)-C(14)-H(14) 120.5 C(29)-C(30)-H(30C) 109.5 
C(15)-C(14)-H(14) 120.5 H(30A)-C(30)-H(30C) 109.5 
C(16)-C(15)-C(14) 120.7(2) H(30B)-C(30)-H(30C) 109.5 
C(16)-C(15)-H(15) 119.7   
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Table S1.4 Bond lengths [Å] and angles [º] for 3. Anisotropic displacement 
parameters (Å2×103) for 3. The anisotropic displacement factor exponent takes the 
form: -2 pi2[h2 a*2 U11 + ... + 2 h k a* b* U12].    
 U11 U22 U33 U23 U13 U12 
Si(1) 26(1) 17(1) 20(1) 1(1) 1(1) 0(1) 
N(1) 18(1) 14(1) 20(1) -1(1) 0(1) 0(1) 
C(1) 21(1) 19(1) 19(1) -3(1) 1(1) 2(1) 
B(1) 15(1) 19(2) 25(2) 0(1) -3(1) -5(1) 
N(2) 18(1) 19(1) 26(1) 7(1) -3(1) -2(1) 
C(2) 20(1) 18(1) 29(2) 0(1) 6(1) -2(1) 
C(3) 15(1) 23(1) 31(2) -7(1) -1(1) 2(1) 
C(4) 19(1) 22(1) 23(2) -1(1) -4(1) 3(1) 
C(5) 22(1) 18(1) 16(1) -4(1) -2(1) 3(1) 
C(6) 21(1) 16(1) 17(1) 0(1) 0(1) 1(1) 
C(7) 21(1) 19(1) 22(1) -3(1) 1(1) 1(1) 
C(8) 20(1) 24(2) 32(2) -2(1) -2(1) -2(1) 
C(9) 35(2) 23(2) 31(2) 5(1) 2(1) -6(1) 
C(10) 40(2) 25(2) 26(2) 7(1) -11(1) -3(1) 
C(11) 32(2) 24(2) 23(2) 2(1) -8(1) -4(1) 
C(12) 19(1) 20(1) 20(1) 0(1) 3(1) 1(1) 
C(13) 16(1) 17(1) 23(1) -2(1) -1(1) -2(1) 
C(14) 20(1) 20(1) 26(2) -1(1) -1(1) -2(1) 
C(15) 28(1) 28(2) 20(1) 3(1) 2(1) -3(1) 
C(16) 25(1) 31(2) 27(2) -8(1) 4(1) -2(1) 
C(17) 21(1) 24(2) 32(2) -7(1) -1(1) 3(1) 
C(18) 18(1) 16(1) 24(2) -2(1) -4(1) -2(1) 
C(19) 19(1) 17(1) 23(2) -3(1) -6(1) -3(1) 
C(20) 24(1) 22(1) 32(2) -1(1) -9(1) 0(1) 
C(21) 39(2) 17(1) 39(2) 5(1) -15(2) -4(1) 
C(22) 41(2) 25(2) 29(2) 6(1) -5(1) -11(1) 
C(23) 30(1) 24(2) 26(2) 0(1) -1(1) -5(1) 
C(24) 22(1) 18(1) 22(2) 1(1) -2(1) -5(1) 
C(25) 37(2) 32(2) 23(2) 7(1) -5(1) -4(1) 
C(26) 54(2) 23(2) 37(2) -5(1) 14(2) -3(1) 
C(27) 25(1) 19(1) 29(2) 5(1) -6(1) -4(1) 
C(28) 35(2) 30(2) 30(2) -4(1) 0(1) -1(1) 
C(29) 21(1) 23(1) 30(2) 3(1) 1(1) -4(1) 
C(30) 29(2) 31(2) 37(2) -6(1) 6(1) 1(1) 
 
Table S1.5 Hydrogen coordinates (×104) and isotropic displacement parameters 
(Å2×103) for 3.  
 x y z U(eq) 
H(2A) 5978(10) 7605(16) 2625(14) 24(7) 
H(2) 7488 8424 2781 27 
H(3) 8198 7755 3613 27 
H(4) 7943 6351 4342 26 
H(8) 5520 4184 4130 30 
H(9) 5973 3213 5072 36 
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H(10) 6973 3526 5473 36 
H(11) 7519 4861 4965 31 
H(12) 7079 9995 2662 24 
H(14) 6473 9049 3962 26 
H(15) 5861 9582 4980 30 
H(16) 5285 11026 4879 33 
H(17) 5303 11968 3760 31 
H(20) 5573 12840 2418 31 
H(21) 5963 13338 1234 38 
H(22) 6690 12394 607 38 
H(23) 7037 10900 1136 32 
H(25A) 5431 8456 1425 46 
H(25B) 5577 9593 1243 46 
H(25C) 5321 9283 2066 46 
H(26A) 7333 8651 1377 56 
H(26B) 6875 9203 804 56 
H(26C) 6812 8036 943 56 
H(27A) 5662 4988 2505 29 
H(27B) 5816 6062 2175 29 
H(28A) 6867 5659 2129 48 
H(28B) 6482 4862 1652 48 
H(28C) 6726 4593 2489 48 
H(29A) 5326 7071 3282 30 
H(29B) 5075 6096 3693 30 
H(30A) 5621 6573 4823 48 
H(30B) 5101 7355 4593 48 
H(30C) 5806 7585 4407 48 
 
Table S1.6 Torsion angles [º] for 3.  
C(5)-N(1)-C(1)-N(2) -177.7(2) N(2)-Si(1)-C(12)-C(13) -51.79(18) 
B(1)-N(1)-C(1)-N(2) 7.3(3) C(25)-Si(1)-C(12)-C(13) 63.77(19) 
C(5)-N(1)-C(1)-C(2) 2.2(3) C(26)-Si(1)-C(12)-C(13) -173.07(16) 
B(1)-N(1)-C(1)-C(2) -172.8(2) N(2)-Si(1)-C(12)-C(24) -164.85(14) 
C(1)-N(1)-B(1)-C(7) 178.2(2) C(25)-Si(1)-C(12)-C(24) -49.29(18) 
C(5)-N(1)-B(1)-C(7) 2.8(2) C(26)-Si(1)-C(12)-C(24) 73.87(18) 
C(1)-N(1)-B(1)-C(29) -65.2(3) C(24)-C(12)-C(13)-C(14) -173.7(2) 
C(5)-N(1)-B(1)-C(29) 119.5(2) Si(1)-C(12)-C(13)-C(14) 68.5(3) 
C(1)-N(1)-B(1)-C(27) 61.3(3) C(24)-C(12)-C(13)-C(18) 3.9(2) 
C(5)-N(1)-B(1)-C(27) -114.1(2) Si(1)-C(12)-C(13)-C(18) -113.87(18) 
N(1)-C(1)-N(2)-Si(1) -179.03(16) C(18)-C(13)-C(14)-C(15) 0.2(3) 
C(2)-C(1)-N(2)-Si(1) 1.1(3) C(12)-C(13)-C(14)-C(15) 177.6(2) 
C(25)-Si(1)-N(2)-C(1) -174.3(2) C(13)-C(14)-C(15)-C(16) 0.3(3) 
C(26)-Si(1)-N(2)-C(1) 65.8(2) C(14)-C(15)-C(16)-C(17) 0.0(3) 
C(12)-Si(1)-N(2)-C(1) -55.7(2) C(15)-C(16)-C(17)-C(18) -0.9(3) 
N(1)-C(1)-C(2)-C(3) -3.3(3) C(16)-C(17)-C(18)-C(13) 1.4(3) 
N(2)-C(1)-C(2)-C(3) 176.5(2) C(16)-C(17)-C(18)-C(19) -174.3(2) 
C(1)-C(2)-C(3)-C(4) 1.6(4) C(14)-C(13)-C(18)-C(17) -1.1(3) 
C(2)-C(3)-C(4)-C(5) 1.1(3) C(12)-C(13)-C(18)-C(17) -179.0(2) 
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C(1)-N(1)-C(5)-C(4) 0.6(3) C(14)-C(13)-C(18)-C(19) 175.5(2) 
B(1)-N(1)-C(5)-C(4) 176.4(2) C(12)-C(13)-C(18)-C(19) -2.4(2) 
C(1)-N(1)-C(5)-C(6) -178.65(19) C(17)-C(18)-C(19)-C(20) -1.0(4) 
B(1)-N(1)-C(5)-C(6) -2.9(3) C(13)-C(18)-C(19)-C(20) -177.1(2) 
C(3)-C(4)-C(5)-N(1) -2.3(3) C(17)-C(18)-C(19)-C(24) 175.8(2) 
C(3)-C(4)-C(5)-C(6) 176.8(2) C(13)-C(18)-C(19)-C(24) -0.3(2) 
N(1)-C(5)-C(6)-C(11) -176.7(2) C(24)-C(19)-C(20)-C(21) 0.5(3) 
C(4)-C(5)-C(6)-C(11) 4.1(4) C(18)-C(19)-C(20)-C(21) 177.0(2) 
N(1)-C(5)-C(6)-C(7) 1.6(3) C(19)-C(20)-C(21)-C(22) -1.3(4) 
C(4)-C(5)-C(6)-C(7) -177.6(2) C(20)-C(21)-C(22)-C(23) 0.6(4) 
C(11)-C(6)-C(7)-C(8) 1.2(3) C(21)-C(22)-C(23)-C(24) 0.7(4) 
C(5)-C(6)-C(7)-C(8) -177.2(2) C(22)-C(23)-C(24)-C(19) -1.4(3) 
C(11)-C(6)-C(7)-B(1) 178.8(2) C(22)-C(23)-C(24)-C(12) 179.5(2) 
C(5)-C(6)-C(7)-B(1) 0.4(3) C(20)-C(19)-C(24)-C(23) 0.8(3) 
C(29)-B(1)-C(7)-C(8) 58.4(3) C(18)-C(19)-C(24)-C(23) -176.4(2) 
C(27)-B(1)-C(7)-C(8) -72.5(3) C(20)-C(19)-C(24)-C(12) -179.9(2) 
N(1)-B(1)-C(7)-C(8) 175.3(2) C(18)-C(19)-C(24)-C(12) 2.9(2) 
C(29)-B(1)-C(7)-C(6) -118.7(2) C(13)-C(12)-C(24)-C(23) 175.1(2) 
C(27)-B(1)-C(7)-C(6) 110.3(2) Si(1)-C(12)-C(24)-C(23) -65.1(3) 
N(1)-B(1)-C(7)-C(6) -1.8(2) C(13)-C(12)-C(24)-C(19) -4.1(2) 
C(6)-C(7)-C(8)-C(9) 0.3(3) Si(1)-C(12)-C(24)-C(19) 115.67(18) 
B(1)-C(7)-C(8)-C(9) -176.7(2) C(7)-B(1)-C(27)-C(28) -61.3(3) 
C(7)-C(8)-C(9)-C(10) -1.6(4) C(29)-B(1)-C(27)-C(28) 168.9(2) 
C(8)-C(9)-C(10)-C(11) 1.3(4) N(1)-B(1)-C(27)-C(28) 43.7(3) 
C(9)-C(10)-C(11)-C(6) 0.2(4) C(7)-B(1)-C(29)-C(30) 56.0(3) 
C(7)-C(6)-C(11)-C(10) -1.5(4) C(27)-B(1)-C(29)-C(30) -173.5(2) 
C(5)-C(6)-C(11)-C(10) 176.6(2) N(1)-B(1)-C(29)-C(30) -50.8(3) 
 
 
Figure S98. Single-crystal X-ray analysis data of compound 4. 
 
Table S2.1 Crystal data and structure refinement for 4. 
Empirical formula C50H71BLi2N2O5Si 
Formula weight 832.87 
Temperature 100(2) K 
Wavelength 0.71073 Å 
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Crystal system, space group Monoclinic,  P21/n 
Unit cell dimensions a = 14.2413(7) Å α =  90º 
 b = 19.4418(9) Å β = 107.095(2)º 
 c = 17.8883(8) Å γ =  90º 
Volume 4734.0(4) Å3 
Z, Calculated density 4,  1.169 mg/m3 
Absorption coefficient 0.097 mm-1 
F(000) 1800 
Crystal size 0.36 x 0.27 x 0.21 mm 
Theta range for data collection 1.59 to 28.35º. 
Limiting indices -19<=h<=19, -24<=k<=25, -14<=l<=23 
Reflections collected / unique 43094 / 11732 [R(int) = 0.0476] 
Completeness to theta = 28.35 99.10% 
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.7457 and 0.7175 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 11732 / 0 / 572 
Goodness-of-fit on F2 1.058 
Final R indices [I>2(I)] R1 = 0.0513, wR2 = 0.1163 
R indices (all data) R1 = 0.0916, wR2 = 0.1279 
Largest diff. peak and hole 0.351 and -0.441 e.Å-3 
 
Table S2.2 Atomic coordinates (×104) and equivalent isotropic displacement 
parameters (Å2×103) for 4. U(eq) is defined as one third of the trace of the 
orthogonalized Uij tensor. 
 x y z U(eq) 
Si(1) 8949(1) 1987(1) 1541(1) 16(1) 
N(1) 11353(1) 3148(1) 1900(1) 14(1) 
C(1) 10505(1) 2791(1) 1518(1) 15(1) 
B(1) 11916(1) 3141(1) 2835(1) 16(1) 
Li(1) 10230(2) 2134(2) 3006(2) 26(1) 
N(2) 10050(1) 2423(1) 1924(1) 16(1) 
C(2) 10193(1) 2858(1) 677(1) 19(1) 
C(3) 10714(1) 3219(1) 284(1) 20(1) 
C(4) 11576(1) 3561(1) 694(1) 19(1) 
C(5) 11860(1) 3518(1) 1496(1) 15(1) 
C(6) 12713(1) 3854(1) 2043(1) 17(1) 
C(7) 13385(1) 4285(1) 1851(1) 22(1) 
C(8) 14131(1) 4572(1) 2450(1) 28(1) 
C(9) 14190(1) 4427(1) 3224(1) 26(1) 
C(10) 13515(1) 3994(1) 3406(1) 21(1) 
C(11) 12760(1) 3690(1) 2813(1) 16(1) 
C(12) 8653(1) 1634(1) 2397(1) 19(1) 
C(13) 8456(1) 2071(1) 2982(1) 19(1) 
C(14) 8571(1) 2787(1) 3112(1) 22(1) 
C(15) 8373(1) 3081(1) 3752(1) 28(1) 
C(16) 8045(1) 2684(1) 4278(1) 34(1) 
C(17) 7907(1) 1986(1) 4159(1) 33(1) 
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C(18) 8107(1) 1671(1) 3524(1) 24(1) 
C(19) 8066(1) 971(1) 3270(1) 25(1) 
C(20) 7770(1) 369(1) 3567(1) 35(1) 
C(21) 7789(1) -247(1) 3202(1) 42(1) 
C(22) 8115(1) -278(1) 2535(1) 38(1) 
C(23) 8425(1) 304(1) 2233(1) 28(1) 
C(24) 8407(1) 951(1) 2588(1) 22(1) 
C(25) 7946(1) 2595(1) 1014(1) 24(1) 
C(26) 9050(1) 1291(1) 841(1) 26(1) 
C(27) 11243(1) 3423(1) 3368(1) 17(1) 
C(28) 10574(1) 4025(1) 3014(1) 24(1) 
C(29) 12396(1) 2382(1) 3056(1) 18(1) 
C(30) 13034(1) 2324(1) 3906(1) 26(1) 
O(1) 10798(1) 1652(1) 3969(1) 22(1) 
C(31) 11256(2) 991(1) 4031(1) 32(1) 
C(32) 10641(2) 535(1) 4379(1) 32(1) 
C(33) 10293(1) 1019(1) 4919(1) 27(1) 
C(34) 10519(1) 1741(1) 4674(1) 23(1) 
Li(2) 4111(2) 1220(2) 1818(2) 29(1) 
O(2) 4929(1) 835(1) 1237(1) 35(1) 
C(35) 4663(1) 892(2) 424(1) 51(1) 
C(36) 5589(5) 1329(3) 327(4) 30(1) 
C(36A) 5499(5) 1003(3) 173(4) 45(2) 
C(37) 6387(1) 857(1) 863(1) 33(1) 
C(38) 5991(1) 809(2) 1542(1) 60(1) 
O(3) 2804(1) 1111(1) 1130(1) 27(1) 
C(39) 1966(1) 1560(1) 913(1) 28(1) 
C(40) 1332(1) 1298(1) 123(1) 29(1) 
C(41) 1706(2) 594(1) 63(2) 82(1) 
C(42) 2461(2) 448(1) 821(1) 44(1) 
O(4) 4283(1) 757(1) 2792(1) 28(1) 
C(43) 3476(1) 569(1) 3084(1) 22(1) 
C(44) 3948(1) 369(1) 3931(1) 26(1) 
C(45) 4899(1) 36(1) 3895(1) 30(1) 
C(46) 5186(1) 469(1) 3296(1) 30(1) 
O(5) 4509(1) 2156(1) 2024(1) 37(1) 
C(47) 5256(4) 2266(3) 2796(3) 43(1) 
C(47A) 4867(3) 2543(2) 2749(2) 24(1) 
C(48) 5712(2) 2919(1) 2705(1) 50(1) 
C(49) 5500(2) 3062(1) 1842(1) 43(1) 
C(50) 4569(2) 2664(1) 1471(1) 34(1) 
 
Table S2.3 Bond lengths [Å] and angles [º] for 4.  
Si(1)-N(2) 1.7357(13) O(1)-C(34) 1.438(2) 
Si(1)-C(12) 1.8361(17) C(31)-C(32) 1.502(3) 
Si(1)-C(26) 1.8779(18) C(31)-H(31A) 0.99 
Si(1)-C(25) 1.8796(17) C(31)-H(31B) 0.99 
Si(1)-Li(1) 2.732(3) C(32)-C(33) 1.531(3) 
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N(1)-C(5) 1.368(2) C(32)-H(32A) 0.99 
N(1)-C(1) 1.3856(19) C(32)-H(32B) 0.99 
N(1)-B(1) 1.628(2) C(33)-C(34) 1.532(2) 
C(1)-N(2) 1.318(2) C(33)-H(33A) 0.99 
C(1)-C(2) 1.444(2) C(33)-H(33B) 0.99 
B(1)-C(11) 1.615(2) C(34)-H(34A) 0.99 
B(1)-C(29) 1.626(2) C(34)-H(34B) 0.99 
B(1)-C(27) 1.632(2) Li(2)-O(5) 1.909(4) 
Li(1)-O(1) 1.919(3) Li(2)-O(4) 1.913(3) 
Li(1)-N(2) 1.959(3) Li(2)-O(3) 1.917(3) 
Li(1)-C(12) 2.394(3) Li(2)-O(2) 1.926(4) 
Li(1)-C(13) 2.517(3) O(2)-C(35) 1.396(2) 
Li(1)-C(14) 2.738(3) O(2)-C(38) 1.449(2) 
C(2)-C(3) 1.358(2) C(35)-C(36A) 1.408(8) 
C(2)-H(2) 0.95 C(35)-C(36) 1.620(7) 
C(3)-C(4) 1.400(2) C(35)-H(35A) 0.99 
C(3)-H(3) 0.95 C(35)-H(35B) 0.99 
C(4)-C(5) 1.373(2) C(36)-C(37) 1.552(7) 
C(4)-H(4) 0.95 C(36)-H(36A) 0.99 
C(5)-C(6) 1.470(2) C(36)-H(36B) 0.99 
C(6)-C(7) 1.388(2) C(36A)-C(37) 1.512(7) 
C(6)-C(11) 1.398(2) C(36A)-H(36C) 0.99 
C(7)-C(8) 1.385(2) C(36A)-H(36D) 0.99 
C(7)-H(7) 0.95 C(37)-C(38) 1.485(3) 
C(8)-C(9) 1.391(3) C(37)-H(37A) 0.99 
C(8)-H(8) 0.95 C(37)-H(37B) 0.99 
C(9)-C(10) 1.386(2) C(38)-H(38A) 0.99 
C(9)-H(9) 0.95 C(38)-H(38B) 0.99 
C(10)-C(11) 1.400(2) O(3)-C(42) 1.430(2) 
C(10)-H(10) 0.95 O(3)-C(39) 1.438(2) 
C(12)-C(13) 1.439(2) C(39)-C(40) 1.523(2) 
C(12)-C(24) 1.440(2) C(39)-H(39A) 0.99 
C(13)-C(14) 1.413(2) C(39)-H(39B) 0.99 
C(13)-C(18) 1.440(2) C(40)-C(41) 1.485(3) 
C(14)-C(15) 1.380(2) C(40)-H(40A) 0.99 
C(14)-H(14) 0.95 C(40)-H(40B) 0.99 
C(15)-C(16) 1.399(3) C(41)-C(42) 1.489(3) 
C(15)-H(15) 0.95 C(41)-H(41A) 0.99 
C(16)-C(17) 1.379(3) C(41)-H(41B) 0.99 
C(16)-H(16) 0.95 C(42)-H(42A) 0.99 
C(17)-C(18) 1.392(3) C(42)-H(42B) 0.99 
C(17)-H(17) 0.95 O(4)-C(43) 1.441(2) 
C(18)-C(19) 1.431(3) O(4)-C(46) 1.448(2) 
C(19)-C(20) 1.400(3) C(43)-C(44) 1.516(2) 
C(19)-C(24) 1.441(2) C(43)-H(43A) 0.99 
C(20)-C(21) 1.367(3) C(43)-H(43B) 0.99 
C(20)-H(20) 0.95 C(44)-C(45) 1.520(3) 
C(21)-C(22) 1.403(3) C(44)-H(44A) 0.99 
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C(21)-H(21) 0.95 C(44)-H(44B) 0.99 
C(22)-C(23) 1.382(3) C(45)-C(46) 1.511(3) 
C(22)-H(22) 0.95 C(45)-H(45A) 0.99 
C(23)-C(24) 1.412(3) C(45)-H(45B) 0.99 
C(23)-H(23) 0.95 C(46)-H(46A) 0.99 
C(25)-H(25A) 0.98 C(46)-H(46B) 0.99 
C(25)-H(25B) 0.98 O(5)-C(50) 1.417(2) 
C(25)-H(25C) 0.98 O(5)-C(47A) 1.456(4) 
C(26)-H(26A) 0.98 O(5)-C(47) 1.491(5) 
C(26)-H(26B) 0.98 C(47)-C(48) 1.457(6) 
C(26)-H(26C) 0.98 C(47)-H(47A) 0.99 
C(27)-C(28) 1.525(2) C(47)-H(47B) 0.99 
C(27)-H(27A) 0.99 C(47A)-C(48) 1.429(5) 
C(27)-H(27B) 0.99 C(47A)-H(47C) 0.99 
C(28)-H(28A) 0.98 C(47A)-H(47D) 0.99 
C(28)-H(28B) 0.98 C(48)-C(49) 1.510(3) 
C(28)-H(28C) 0.98 C(48)-H(48A) 0.99 
C(29)-C(30) 1.530(2) C(48)-H(48B) 0.99 
C(29)-H(29A) 0.99 C(49)-C(50) 1.509(3) 
C(29)-H(29B) 0.99 C(49)-H(49A) 0.99 
C(30)-H(30A) 0.98 C(49)-H(49B) 0.99 
C(30)-H(30B) 0.98 C(50)-H(50A) 0.99 
C(30)-H(30C) 0.98 C(50)-H(50B) 0.99 
O(1)-C(31) 1.431(2)   
    
N(2)-Si(1)-C(12) 104.81(7) C(32)-C(31)-H(31B) 110.8 
N(2)-Si(1)-C(26) 112.15(7) H(31A)-C(31)-H(31B) 108.9 
C(12)-Si(1)-C(26) 111.59(8) C(31)-C(32)-C(33) 103.58(15) 
N(2)-Si(1)-C(25) 110.87(8) C(31)-C(32)-H(32A) 111 
C(12)-Si(1)-C(25) 109.01(8) C(33)-C(32)-H(32A) 111 
C(26)-Si(1)-C(25) 108.36(8) C(31)-C(32)-H(32B) 111 
N(2)-Si(1)-Li(1) 45.57(8) C(33)-C(32)-H(32B) 111 
C(12)-Si(1)-Li(1) 59.43(8) H(32A)-C(32)-H(32B) 109 
C(26)-Si(1)-Li(1) 123.65(9) C(32)-C(33)-C(34) 104.35(14) 
C(25)-Si(1)-Li(1) 127.57(9) C(32)-C(33)-H(33A) 110.9 
C(5)-N(1)-C(1) 121.41(13) C(34)-C(33)-H(33A) 110.9 
C(5)-N(1)-B(1) 111.74(12) C(32)-C(33)-H(33B) 110.9 
C(1)-N(1)-B(1) 126.68(13) C(34)-C(33)-H(33B) 110.9 
N(2)-C(1)-N(1) 119.94(13) H(33A)-C(33)-H(33B) 108.9 
N(2)-C(1)-C(2) 124.87(14) O(1)-C(34)-C(33) 106.05(14) 
N(1)-C(1)-C(2) 115.19(14) O(1)-C(34)-H(34A) 110.5 
C(11)-B(1)-C(29) 110.07(13) C(33)-C(34)-H(34A) 110.5 
C(11)-B(1)-N(1) 96.63(12) O(1)-C(34)-H(34B) 110.5 
C(29)-B(1)-N(1) 107.52(12) C(33)-C(34)-H(34B) 110.5 
C(11)-B(1)-C(27) 111.15(13) H(34A)-C(34)-H(34B) 108.7 
C(29)-B(1)-C(27) 116.12(13) O(5)-Li(2)-O(4) 108.72(16) 
N(1)-B(1)-C(27) 113.60(12) O(5)-Li(2)-O(3) 113.99(17) 
O(1)-Li(1)-N(2) 157.77(19) O(4)-Li(2)-O(3) 111.85(16) 
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O(1)-Li(1)-C(12) 107.60(14) O(5)-Li(2)-O(2) 106.40(16) 
N(2)-Li(1)-C(12) 80.45(11) O(4)-Li(2)-O(2) 111.89(17) 
O(1)-Li(1)-C(13) 98.49(13) O(3)-Li(2)-O(2) 103.82(16) 
N(2)-Li(1)-C(13) 99.12(12) C(35)-O(2)-C(38) 109.21(15) 
C(12)-Li(1)-C(13) 33.97(7) C(35)-O(2)-Li(2) 120.55(14) 
O(1)-Li(1)-Si(1) 142.85(15) C(38)-O(2)-Li(2) 122.69(16) 
N(2)-Li(1)-Si(1) 39.25(6) O(2)-C(35)-C(36A) 110.4(3) 
C(12)-Li(1)-Si(1) 41.32(6) O(2)-C(35)-C(36) 99.9(3) 
C(13)-Li(1)-Si(1) 66.13(8) C(36A)-C(35)-C(36) 25.0(3) 
O(1)-Li(1)-C(14) 107.97(14) O(2)-C(35)-H(35A) 111.8 
N(2)-Li(1)-C(14) 94.07(12) C(36A)-C(35)-H(35A) 123.8 
C(12)-Li(1)-C(14) 60.47(9) C(36)-C(35)-H(35A) 111.8 
C(13)-Li(1)-C(14) 30.83(6) O(2)-C(35)-H(35B) 111.8 
Si(1)-Li(1)-C(14) 76.64(8) C(36A)-C(35)-H(35B) 86.8 
C(1)-N(2)-Si(1) 125.58(11) C(36)-C(35)-H(35B) 111.8 
C(1)-N(2)-Li(1) 139.23(14) H(35A)-C(35)-H(35B) 109.5 
Si(1)-N(2)-Li(1) 95.18(11) C(37)-C(36)-C(35) 95.5(3) 
C(3)-C(2)-C(1) 122.61(15) C(37)-C(36)-H(36A) 112.6 
C(3)-C(2)-H(2) 118.7 C(35)-C(36)-H(36A) 112.6 
C(1)-C(2)-H(2) 118.7 C(37)-C(36)-H(36B) 112.6 
C(2)-C(3)-C(4) 120.12(15) C(35)-C(36)-H(36B) 112.6 
C(2)-C(3)-H(3) 119.9 H(36A)-C(36)-H(36B) 110.1 
C(4)-C(3)-H(3) 119.9 C(35)-C(36A)-C(37) 107.0(5) 
C(5)-C(4)-C(3) 117.56(15) C(35)-C(36A)-H(36C) 110.3 
C(5)-C(4)-H(4) 121.2 C(37)-C(36A)-H(36C) 110.3 
C(3)-C(4)-H(4) 121.2 C(35)-C(36A)-H(36D) 110.3 
N(1)-C(5)-C(4) 123.05(14) C(37)-C(36A)-H(36D) 110.3 
N(1)-C(5)-C(6) 110.07(13) H(36C)-C(36A)-H(36D) 108.6 
C(4)-C(5)-C(6) 126.88(15) C(38)-C(37)-C(36A) 104.6(3) 
C(7)-C(6)-C(11) 123.06(15) C(38)-C(37)-C(36) 99.0(3) 
C(7)-C(6)-C(5) 126.76(15) C(36A)-C(37)-C(36) 25.9(3) 
C(11)-C(6)-C(5) 110.18(14) C(38)-C(37)-H(37A) 112 
C(8)-C(7)-C(6) 118.67(16) C(36A)-C(37)-H(37A) 86.7 
C(8)-C(7)-H(7) 120.7 C(36)-C(37)-H(37A) 112 
C(6)-C(7)-H(7) 120.7 C(38)-C(37)-H(37B) 112 
C(7)-C(8)-C(9) 119.73(16) C(36A)-C(37)-H(37B) 129.2 
C(7)-C(8)-H(8) 120.1 C(36)-C(37)-H(37B) 112 
C(9)-C(8)-H(8) 120.1 H(37A)-C(37)-H(37B) 109.6 
C(10)-C(9)-C(8) 120.93(16) O(2)-C(38)-C(37) 107.16(16) 
C(10)-C(9)-H(9) 119.5 O(2)-C(38)-H(38A) 110.3 
C(8)-C(9)-H(9) 119.5 C(37)-C(38)-H(38A) 110.3 
C(9)-C(10)-C(11) 120.68(16) O(2)-C(38)-H(38B) 110.3 
C(9)-C(10)-H(10) 119.7 C(37)-C(38)-H(38B) 110.3 
C(11)-C(10)-H(10) 119.7 H(38A)-C(38)-H(38B) 108.5 
C(6)-C(11)-C(10) 116.91(15) C(42)-O(3)-C(39) 106.31(13) 
C(6)-C(11)-B(1) 110.79(13) C(42)-O(3)-Li(2) 120.33(15) 
C(10)-C(11)-B(1) 132.26(15) C(39)-O(3)-Li(2) 132.72(15) 
C(13)-C(12)-C(24) 104.96(14) O(3)-C(39)-C(40) 105.42(14) 
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C(13)-C(12)-Si(1) 121.86(13) O(3)-C(39)-H(39A) 110.7 
C(24)-C(12)-Si(1) 132.41(13) C(40)-C(39)-H(39A) 110.7 
C(13)-C(12)-Li(1) 77.71(12) O(3)-C(39)-H(39B) 110.7 
C(24)-C(12)-Li(1) 121.79(13) C(40)-C(39)-H(39B) 110.7 
Si(1)-C(12)-Li(1) 79.25(9) H(39A)-C(39)-H(39B) 108.8 
C(14)-C(13)-C(12) 131.56(15) C(41)-C(40)-C(39) 104.39(16) 
C(14)-C(13)-C(18) 117.88(15) C(41)-C(40)-H(40A) 110.9 
C(12)-C(13)-C(18) 110.53(15) C(39)-C(40)-H(40A) 110.9 
C(14)-C(13)-Li(1) 83.24(12) C(41)-C(40)-H(40B) 110.9 
C(12)-C(13)-Li(1) 68.33(11) C(39)-C(40)-H(40B) 110.9 
C(18)-C(13)-Li(1) 123.88(12) H(40A)-C(40)-H(40B) 108.9 
C(15)-C(14)-C(13) 120.13(17) C(40)-C(41)-C(42) 106.72(18) 
C(15)-C(14)-Li(1) 129.84(13) C(40)-C(41)-H(41A) 110.4 
C(13)-C(14)-Li(1) 65.93(11) C(42)-C(41)-H(41A) 110.4 
C(15)-C(14)-H(14) 119.9 C(40)-C(41)-H(41B) 110.4 
C(13)-C(14)-H(14) 119.9 C(42)-C(41)-H(41B) 110.4 
Li(1)-C(14)-H(14) 76.5 H(41A)-C(41)-H(41B) 108.6 
C(14)-C(15)-C(16) 121.28(19) O(3)-C(42)-C(41) 104.76(17) 
C(14)-C(15)-H(15) 119.4 O(3)-C(42)-H(42A) 110.8 
C(16)-C(15)-H(15) 119.4 C(41)-C(42)-H(42A) 110.8 
C(17)-C(16)-C(15) 120.05(17) O(3)-C(42)-H(42B) 110.8 
C(17)-C(16)-H(16) 120 C(41)-C(42)-H(42B) 110.8 
C(15)-C(16)-H(16) 120 H(42A)-C(42)-H(42B) 108.9 
C(16)-C(17)-C(18) 120.22(18) C(43)-O(4)-C(46) 109.47(12) 
C(16)-C(17)-H(17) 119.9 C(43)-O(4)-Li(2) 123.18(13) 
C(18)-C(17)-H(17) 119.9 C(46)-O(4)-Li(2) 126.93(14) 
C(17)-C(18)-C(19) 132.66(17) O(4)-C(43)-C(44) 105.12(13) 
C(17)-C(18)-C(13) 120.42(18) O(4)-C(43)-H(43A) 110.7 
C(19)-C(18)-C(13) 106.89(15) C(44)-C(43)-H(43A) 110.7 
C(20)-C(19)-C(18) 131.63(18) O(4)-C(43)-H(43B) 110.7 
C(20)-C(19)-C(24) 120.81(19) C(44)-C(43)-H(43B) 110.7 
C(18)-C(19)-C(24) 107.56(15) H(43A)-C(43)-H(43B) 108.8 
C(21)-C(20)-C(19) 120.1(2) C(43)-C(44)-C(45) 101.85(14) 
C(21)-C(20)-H(20) 120 C(43)-C(44)-H(44A) 111.4 
C(19)-C(20)-H(20) 120 C(45)-C(44)-H(44A) 111.4 
C(20)-C(21)-C(22) 120.12(19) C(43)-C(44)-H(44B) 111.4 
C(20)-C(21)-H(21) 119.9 C(45)-C(44)-H(44B) 111.4 
C(22)-C(21)-H(21) 119.9 H(44A)-C(44)-H(44B) 109.3 
C(23)-C(22)-C(21) 121.3(2) C(46)-C(45)-C(44) 102.84(15) 
C(23)-C(22)-H(22) 119.3 C(46)-C(45)-H(45A) 111.2 
C(21)-C(22)-H(22) 119.3 C(44)-C(45)-H(45A) 111.2 
C(22)-C(23)-C(24) 120.3(2) C(46)-C(45)-H(45B) 111.2 
C(22)-C(23)-H(23) 119.9 C(44)-C(45)-H(45B) 111.2 
C(24)-C(23)-H(23) 119.9 H(45A)-C(45)-H(45B) 109.1 
C(23)-C(24)-C(12) 132.56(17) O(4)-C(46)-C(45) 106.32(14) 
C(23)-C(24)-C(19) 117.39(17) O(4)-C(46)-H(46A) 110.5 
C(12)-C(24)-C(19) 110.04(16) C(45)-C(46)-H(46A) 110.5 
Si(1)-C(25)-H(25A) 109.5 O(4)-C(46)-H(46B) 110.5 
Chapter 4                                                                                                       Appendix 
 
181 
 
Si(1)-C(25)-H(25B) 109.5 C(45)-C(46)-H(46B) 110.5 
H(25A)-C(25)-H(25B) 109.5 H(46A)-C(46)-H(46B) 108.7 
Si(1)-C(25)-H(25C) 109.5 C(50)-O(5)-C(47A) 100.6(2) 
H(25A)-C(25)-H(25C) 109.5 C(50)-O(5)-C(47) 112.0(2) 
H(25B)-C(25)-H(25C) 109.5 C(47A)-O(5)-C(47) 29.8(2) 
Si(1)-C(26)-H(26A) 109.5 C(50)-O(5)-Li(2) 127.22(15) 
Si(1)-C(26)-H(26B) 109.5 C(47A)-O(5)-Li(2) 132.1(2) 
H(26A)-C(26)-H(26B) 109.5 C(47)-O(5)-Li(2) 113.9(2) 
Si(1)-C(26)-H(26C) 109.5 C(48)-C(47)-O(5) 104.0(3) 
H(26A)-C(26)-H(26C) 109.5 C(48)-C(47)-H(47A) 111 
H(26B)-C(26)-H(26C) 109.5 O(5)-C(47)-H(47A) 111 
C(28)-C(27)-B(1) 114.74(13) C(48)-C(47)-H(47B) 111 
C(28)-C(27)-H(27A) 108.6 O(5)-C(47)-H(47B) 111 
B(1)-C(27)-H(27A) 108.6 H(47A)-C(47)-H(47B) 109 
C(28)-C(27)-H(27B) 108.6 C(48)-C(47A)-O(5) 107.2(3) 
B(1)-C(27)-H(27B) 108.6 C(48)-C(47A)-H(47C) 110.3 
H(27A)-C(27)-H(27B) 107.6 O(5)-C(47A)-H(47C) 110.3 
C(27)-C(28)-H(28A) 109.5 C(48)-C(47A)-H(47D) 110.3 
C(27)-C(28)-H(28B) 109.5 O(5)-C(47A)-H(47D) 110.3 
H(28A)-C(28)-H(28B) 109.5 H(47C)-C(47A)-H(47D) 108.5 
C(27)-C(28)-H(28C) 109.5 C(47A)-C(48)-C(47) 30.5(2) 
H(28A)-C(28)-H(28C) 109.5 C(47A)-C(48)-C(49) 103.4(2) 
H(28B)-C(28)-H(28C) 109.5 C(47)-C(48)-C(49) 108.2(3) 
C(30)-C(29)-B(1) 113.06(13) C(47A)-C(48)-H(48A) 136.5 
C(30)-C(29)-H(29A) 109 C(47)-C(48)-H(48A) 110.1 
B(1)-C(29)-H(29A) 109 C(49)-C(48)-H(48A) 110.1 
C(30)-C(29)-H(29B) 109 C(47A)-C(48)-H(48B) 84.5 
B(1)-C(29)-H(29B) 109 C(47)-C(48)-H(48B) 110.1 
H(29A)-C(29)-H(29B) 107.8 C(49)-C(48)-H(48B) 110.1 
C(29)-C(30)-H(30A) 109.5 H(48A)-C(48)-H(48B) 108.4 
C(29)-C(30)-H(30B) 109.5 C(50)-C(49)-C(48) 103.91(17) 
H(30A)-C(30)-H(30B) 109.5 C(50)-C(49)-H(49A) 111 
C(29)-C(30)-H(30C) 109.5 C(48)-C(49)-H(49A) 111 
H(30A)-C(30)-H(30C) 109.5 C(50)-C(49)-H(49B) 111 
H(30B)-C(30)-H(30C) 109.5 C(48)-C(49)-H(49B) 111 
C(31)-O(1)-C(34) 106.02(13) H(49A)-C(49)-H(49B) 109 
C(31)-O(1)-Li(1) 124.78(14) O(5)-C(50)-C(49) 106.05(15) 
C(34)-O(1)-Li(1) 125.21(14) O(5)-C(50)-H(50A) 110.5 
O(1)-C(31)-C(32) 104.74(15) C(49)-C(50)-H(50A) 110.5 
O(1)-C(31)-H(31A) 110.8 O(5)-C(50)-H(50B) 110.5 
C(32)-C(31)-H(31A) 110.8 C(49)-C(50)-H(50B) 110.5 
O(1)-C(31)-H(31B) 110.8 H(50A)-C(50)-H(50B) 108.7 
         
Table S2.4 Anisotropic displacement parameters (Å2×103) for 4. The anisotropic 
displacement factor exponent takes the form:  -2 pi2[h2 a*2 U11 + ... + 2 h k a* b* U12]    
 U11 U22 U33 U23 U13 U12 
Si(1) 13(1) 22(1) 14(1) -3(1) 4(1) -2(1) 
N(1) 14(1) 16(1) 12(1) -1(1) 4(1) 0(1) 
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C(1) 15(1) 17(1) 14(1) -2(1) 4(1) 2(1) 
B(1) 16(1) 20(1) 11(1) -1(1) 3(1) -1(1) 
Li(1) 24(2) 32(2) 19(1) 5(1) 4(1) 0(1) 
N(2) 15(1) 18(1) 15(1) -1(1) 4(1) -3(1) 
C(2) 19(1) 24(1) 13(1) -1(1) 3(1) 0(1) 
C(3) 25(1) 23(1) 13(1) 1(1) 5(1) 3(1) 
C(4) 23(1) 20(1) 16(1) 3(1) 10(1) 1(1) 
C(5) 16(1) 14(1) 17(1) 0(1) 8(1) 2(1) 
C(6) 15(1) 16(1) 20(1) -1(1) 7(1) 3(1) 
C(7) 20(1) 23(1) 25(1) 4(1) 10(1) 1(1) 
C(8) 17(1) 29(1) 38(1) 5(1) 11(1) -5(1) 
C(9) 18(1) 25(1) 31(1) -4(1) 1(1) -4(1) 
C(10) 19(1) 21(1) 20(1) -1(1) 3(1) 0(1) 
C(11) 16(1) 14(1) 19(1) -1(1) 6(1) 3(1) 
C(12) 14(1) 23(1) 18(1) -1(1) 4(1) -1(1) 
C(13) 13(1) 29(1) 14(1) 2(1) 3(1) 0(1) 
C(14) 18(1) 31(1) 16(1) -1(1) 5(1) 2(1) 
C(15) 24(1) 38(1) 20(1) -5(1) 5(1) 8(1) 
C(16) 29(1) 55(1) 20(1) -1(1) 10(1) 14(1) 
C(17) 20(1) 61(2) 20(1) 14(1) 9(1) 8(1) 
C(18) 13(1) 39(1) 18(1) 10(1) 3(1) 1(1) 
C(19) 12(1) 35(1) 26(1) 14(1) 1(1) 0(1) 
C(20) 19(1) 44(1) 39(1) 23(1) 2(1) -2(1) 
C(21) 22(1) 36(1) 60(1) 28(1) 0(1) -3(1) 
C(22) 22(1) 22(1) 59(1) 8(1) -5(1) 1(1) 
C(23) 16(1) 24(1) 38(1) 2(1) 0(1) 1(1) 
C(24) 9(1) 26(1) 27(1) 5(1) -1(1) 0(1) 
C(25) 20(1) 35(1) 18(1) 1(1) 5(1) 3(1) 
C(26) 24(1) 30(1) 28(1) -11(1) 12(1) -8(1) 
C(27) 19(1) 18(1) 14(1) -2(1) 6(1) -2(1) 
C(28) 24(1) 25(1) 25(1) -2(1) 11(1) 1(1) 
C(29) 18(1) 19(1) 15(1) 0(1) 4(1) 0(1) 
C(30) 31(1) 24(1) 18(1) 3(1) 1(1) 4(1) 
O(1) 28(1) 21(1) 20(1) 6(1) 11(1) 4(1) 
C(31) 40(1) 23(1) 41(1) 6(1) 21(1) 7(1) 
C(32) 38(1) 27(1) 33(1) 7(1) 14(1) 0(1) 
C(33) 28(1) 31(1) 22(1) 9(1) 9(1) 1(1) 
C(34) 22(1) 30(1) 17(1) -1(1) 6(1) -2(1) 
Li(2) 20(1) 43(2) 23(2) 7(1) 4(1) -6(1) 
O(2) 18(1) 58(1) 29(1) 18(1) 8(1) 8(1) 
C(35) 21(1) 106(2) 23(1) -17(1) 3(1) 7(1) 
C(36) 26(2) 46(4) 22(3) 10(3) 12(2) 3(3) 
C(36A) 37(3) 66(5) 35(4) 16(3) 14(3) 11(4) 
C(37) 19(1) 47(1) 32(1) -2(1) 9(1) -3(1) 
C(38) 19(1) 121(2) 39(1) 24(1) 8(1) 17(1) 
O(3) 19(1) 29(1) 29(1) -2(1) 2(1) -1(1) 
C(39) 20(1) 37(1) 27(1) -3(1) 8(1) 4(1) 
C(40) 20(1) 39(1) 27(1) 0(1) 6(1) -1(1) 
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C(41) 79(2) 48(2) 77(2) -31(2) -43(2) 23(2) 
C(42) 33(1) 24(1) 62(2) 7(1) -5(1) -8(1) 
O(4) 21(1) 39(1) 23(1) 11(1) 4(1) -3(1) 
C(43) 22(1) 23(1) 24(1) 2(1) 7(1) -1(1) 
C(44) 34(1) 23(1) 22(1) 2(1) 10(1) 3(1) 
C(45) 32(1) 34(1) 23(1) 5(1) 6(1) 6(1) 
C(46) 21(1) 37(1) 28(1) 2(1) 3(1) -1(1) 
O(5) 44(1) 41(1) 25(1) -2(1) 8(1) -22(1) 
C(47) 49(3) 39(3) 29(2) 10(2) -10(2) -9(2) 
C(47A) 32(2) 24(3) 18(2) 0(2) 8(2) -2(2) 
C(48) 50(1) 57(2) 35(1) 7(1) 0(1) -21(1) 
C(49) 53(1) 40(1) 40(1) -3(1) 20(1) -15(1) 
C(50) 47(1) 24(1) 28(1) 1(1) 4(1) 1(1) 
 
Table S2.5 Hydrogen coordinates (×104) and isotropic displacement parameters (Å2 
×103) for 4.    
 x y z U(eq) 
H(2) 9600 2641 388 23 
H(3) 10492 3239 -271 24 
H(4) 11952 3813 428 22 
H(7) 13334 4381 1320 26 
H(8) 14600 4867 2332 33 
H(9) 14699 4627 3633 31 
H(10) 13565 3904 3938 25 
H(14) 8785 3067 2759 26 
H(15) 8461 3562 3837 33 
H(16) 7918 2896 4717 41 
H(17) 7673 1719 4512 39 
H(20) 7555 388 4021 43 
H(21) 7581 -654 3401 50 
H(22) 8123 -709 2286 46 
H(23) 8651 269 1785 33 
H(25A) 7745 2874 1397 37 
H(25B) 7382 2331 699 37 
H(25C) 8189 2896 673 37 
H(26A) 9174 1498 379 39 
H(26B) 8436 1029 680 39 
H(26C) 9594 983 1097 39 
H(27A) 10832 3039 3458 21 
H(27B) 11683 3565 3883 21 
H(28A) 10969 4402 2901 36 
H(28B) 10234 4183 3386 36 
H(28C) 10090 3877 2529 36 
H(29A) 11861 2037 2960 21 
H(29B) 12801 2271 2707 21 
H(30A) 13590 2643 3997 38 
H(30B) 13281 1853 4011 38 
H(30C) 12641 2441 4255 38 
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H(31A) 11941 1011 4375 39 
H(31B) 11257 820 3510 39 
H(32A) 11037 152 4678 38 
H(32B) 10077 342 3967 38 
H(33A) 10653 930 5474 32 
H(33B) 9580 963 4844 32 
H(34A) 9933 2040 4576 27 
H(34B) 11062 1953 5088 27 
H(35A) 4037 1145 216 61 
H(35B) 4611 437 168 61 
H(36A) 5617 1337 -219 36 
H(36B) 5610 1803 532 36 
H(36C) 5514 1485 -4 55 
H(36D) 5491 693 -268 55 
H(37A) 6415 402 622 39 
H(37B) 7045 1074 1006 39 
H(38A) 6200 373 1828 71 
H(38B) 6234 1197 1906 71 
H(39A) 2172 2041 870 33 
H(39B) 1600 1541 1305 33 
H(40A) 630 1287 104 34 
H(40B) 1407 1594 -306 34 
H(41A) 2000 568 -373 99 
H(41B) 1164 255 -32 99 
H(42A) 2169 196 1179 52 
H(42B) 3005 171 738 52 
H(43A) 3105 178 2784 27 
H(43B) 3023 962 3047 27 
H(44A) 3533 40 4114 31 
H(44B) 4076 777 4277 31 
H(45A) 5408 55 4409 36 
H(45B) 4793 -450 3724 36 
H(46A) 5641 841 3556 36 
H(46B) 5514 183 2989 36 
H(47A) 4941 2292 3221 52 
H(47B) 5746 1889 2914 52 
H(47C) 4354 2863 2810 29 
H(47D) 5045 2226 3202 29 
H(48A) 6430 2895 2957 60 
H(48B) 5442 3292 2957 60 
H(49A) 5401 3560 1731 52 
H(49B) 6044 2898 1648 52 
H(50A) 3991 2972 1356 41 
H(50B) 4597 2446 978 41 
 
Table S2.6 Torsion angles [º] for 4.  
C(5)-N(1)-C(1)-N(2) 178.03(14) O(1)-Li(1)-C(14)-C(13) -76.08(15) 
B(1)-N(1)-C(1)-N(2) 3.1(2) N(2)-Li(1)-C(14)-C(13) 101.00(14) 
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C(5)-N(1)-C(1)-C(2) -1.6(2) C(12)-Li(1)-C(14)-C(13) 24.38(9) 
B(1)-N(1)-C(1)-C(2) -176.55(14) Si(1)-Li(1)-C(14)-C(13) 65.56(10) 
C(5)-N(1)-B(1)-C(11) 7.39(16) C(13)-C(14)-C(15)-C(16) -0.8(2) 
C(1)-N(1)-B(1)-C(11) -177.27(14) Li(1)-C(14)-C(15)-C(16) -83.3(2) 
C(5)-N(1)-B(1)-C(29) -106.13(15) C(14)-C(15)-C(16)-C(17) -0.5(3) 
C(1)-N(1)-B(1)-C(29) 69.21(18) C(15)-C(16)-C(17)-C(18) 1.0(3) 
C(5)-N(1)-B(1)-C(27) 123.95(15) C(16)-C(17)-C(18)-C(19) 177.67(17) 
C(1)-N(1)-B(1)-C(27) -60.7(2) C(16)-C(17)-C(18)-C(13) -0.4(2) 
N(2)-Si(1)-Li(1)-O(1) -143.8(3) C(14)-C(13)-C(18)-C(17) -0.9(2) 
C(12)-Si(1)-Li(1)-O(1) 42.0(2) C(12)-C(13)-C(18)-C(17) 177.46(14) 
C(26)-Si(1)-Li(1)-O(1) -54.9(3) Li(1)-C(13)-C(18)-C(17) 100.37(19) 
C(25)-Si(1)-Li(1)-O(1) 133.3(2) C(14)-C(13)-C(18)-C(19) -179.34(13) 
C(12)-Si(1)-Li(1)-N(2) -174.15(14) C(12)-C(13)-C(18)-C(19) -1.03(17) 
C(26)-Si(1)-Li(1)-N(2) 88.95(12) Li(1)-C(13)-C(18)-C(19) -78.11(18) 
C(25)-Si(1)-Li(1)-N(2) -82.83(13) C(17)-C(18)-C(19)-C(20) 2.9(3) 
N(2)-Si(1)-Li(1)-C(12) 174.15(14) C(13)-C(18)-C(19)-C(20) -178.87(16) 
C(26)-Si(1)-Li(1)-C(12) -96.90(11) C(17)-C(18)-C(19)-C(24) -177.14(17) 
C(25)-Si(1)-Li(1)-C(12) 91.32(11) C(13)-C(18)-C(19)-C(24) 1.09(17) 
N(2)-Si(1)-Li(1)-C(13) 144.63(13) C(18)-C(19)-C(20)-C(21) 179.08(17) 
C(12)-Si(1)-Li(1)-C(13) -29.52(8) C(24)-C(19)-C(20)-C(21) -0.9(2) 
C(26)-Si(1)-Li(1)-C(13) -126.42(9) C(19)-C(20)-C(21)-C(22) 0.7(3) 
C(25)-Si(1)-Li(1)-C(13) 61.80(12) C(20)-C(21)-C(22)-C(23) 0.2(3) 
N(2)-Si(1)-Li(1)-C(14) 113.95(12) C(21)-C(22)-C(23)-C(24) -0.8(3) 
C(12)-Si(1)-Li(1)-C(14) -60.20(9) C(22)-C(23)-C(24)-C(12) -178.05(16) 
C(26)-Si(1)-Li(1)-C(14) -157.11(8) C(22)-C(23)-C(24)-C(19) 0.6(2) 
C(25)-Si(1)-Li(1)-C(14) 31.11(13) C(13)-C(12)-C(24)-C(23) 178.86(16) 
N(1)-C(1)-N(2)-Si(1) 176.21(11) Si(1)-C(12)-C(24)-C(23) 9.1(3) 
C(2)-C(1)-N(2)-Si(1) -4.2(2) Li(1)-C(12)-C(24)-C(23) -96.5(2) 
N(1)-C(1)-N(2)-Li(1) -5.1(3) C(13)-C(12)-C(24)-C(19) 0.15(16) 
C(2)-C(1)-N(2)-Li(1) 174.47(19) Si(1)-C(12)-C(24)-C(19) -169.62(12) 
C(12)-Si(1)-N(2)-C(1) -175.68(14) Li(1)-C(12)-C(24)-C(19) 84.78(17) 
C(26)-Si(1)-N(2)-C(1) 63.08(16) C(20)-C(19)-C(24)-C(23) 0.3(2) 
C(25)-Si(1)-N(2)-C(1) -58.20(15) C(18)-C(19)-C(24)-C(23) -179.72(14) 
Li(1)-Si(1)-N(2)-C(1) 179.11(19) C(20)-C(19)-C(24)-C(12) 179.18(14) 
C(12)-Si(1)-N(2)-Li(1) 5.21(12) C(18)-C(19)-C(24)-C(12) -0.79(17) 
C(26)-Si(1)-N(2)-Li(1) -116.03(12) C(11)-B(1)-C(27)-C(28) 70.01(17) 
C(25)-Si(1)-N(2)-Li(1) 122.69(12) C(29)-B(1)-C(27)-C(28) -163.16(13) 
O(1)-Li(1)-N(2)-C(1) -69.3(6) N(1)-B(1)-C(27)-C(28) -37.70(19) 
C(12)-Li(1)-N(2)-C(1) 177.19(19) C(11)-B(1)-C(29)-C(30) 70.31(17) 
C(13)-Li(1)-N(2)-C(1) 148.69(18) N(1)-B(1)-C(29)-C(30) 174.45(13) 
Si(1)-Li(1)-N(2)-C(1) -178.9(2) C(27)-B(1)-C(29)-C(30) -57.06(19) 
C(14)-Li(1)-N(2)-C(1) 118.1(2) N(2)-Li(1)-O(1)-C(31) -30.0(6) 
O(1)-Li(1)-N(2)-Si(1) 109.6(5) C(12)-Li(1)-O(1)-C(31) 78.47(19) 
C(12)-Li(1)-N(2)-Si(1) -3.91(9) C(13)-Li(1)-O(1)-C(31) 112.12(16) 
C(13)-Li(1)-N(2)-Si(1) -32.42(12) Si(1)-Li(1)-O(1)-C(31) 50.8(3) 
C(14)-Li(1)-N(2)-Si(1) -63.05(10) C(14)-Li(1)-O(1)-C(31) 142.32(14) 
N(2)-C(1)-C(2)-C(3) -176.83(16) N(2)-Li(1)-O(1)-C(34) 175.7(4) 
N(1)-C(1)-C(2)-C(3) 2.8(2) C(12)-Li(1)-O(1)-C(34) -75.87(19) 
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C(1)-C(2)-C(3)-C(4) -1.8(3) C(13)-Li(1)-O(1)-C(34) -42.21(19) 
C(2)-C(3)-C(4)-C(5) -0.4(2) Si(1)-Li(1)-O(1)-C(34) -103.5(3) 
C(1)-N(1)-C(5)-C(4) -0.5(2) C(14)-Li(1)-O(1)-C(34) -12.0(2) 
B(1)-N(1)-C(5)-C(4) 175.12(15) C(34)-O(1)-C(31)-C(32) 40.53(18) 
C(1)-N(1)-C(5)-C(6) 178.83(13) Li(1)-O(1)-C(31)-C(32) -117.87(18) 
B(1)-N(1)-C(5)-C(6) -5.54(17) O(1)-C(31)-C(32)-C(33) -33.11(19) 
C(3)-C(4)-C(5)-N(1) 1.6(2) C(31)-C(32)-C(33)-C(34) 14.00(18) 
C(3)-C(4)-C(5)-C(6) -177.63(15) C(31)-O(1)-C(34)-C(33) -31.00(17) 
N(1)-C(5)-C(6)-C(7) -178.41(15) Li(1)-O(1)-C(34)-C(33) 127.28(16) 
C(4)-C(5)-C(6)-C(7) 0.9(3) C(32)-C(33)-C(34)-O(1) 9.52(17) 
N(1)-C(5)-C(6)-C(11) 0.63(18) O(5)-Li(2)-O(2)-C(35) -86.9(2) 
C(4)-C(5)-C(6)-C(11) 179.94(16) O(4)-Li(2)-O(2)-C(35) 154.46(18) 
C(11)-C(6)-C(7)-C(8) -0.8(3) O(3)-Li(2)-O(2)-C(35) 33.7(2) 
C(5)-C(6)-C(7)-C(8) 178.16(16) O(5)-Li(2)-O(2)-C(38) 59.5(2) 
C(6)-C(7)-C(8)-C(9) -0.2(3) O(4)-Li(2)-O(2)-C(38) -59.1(3) 
C(7)-C(8)-C(9)-C(10) 0.4(3) O(3)-Li(2)-O(2)-C(38) -179.94(18) 
C(8)-C(9)-C(10)-C(11) 0.4(3) C(38)-O(2)-C(35)-C(36A) -8.2(4) 
C(7)-C(6)-C(11)-C(10) 1.5(2) Li(2)-O(2)-C(35)-C(36A) 142.2(3) 
C(5)-C(6)-C(11)-C(10) -177.59(14) C(38)-O(2)-C(35)-C(36) -31.8(3) 
C(7)-C(6)-C(11)-B(1) -176.36(15) Li(2)-O(2)-C(35)-C(36) 118.7(3) 
C(5)-C(6)-C(11)-B(1) 4.56(18) O(2)-C(35)-C(36)-C(37) 49.8(3) 
C(9)-C(10)-C(11)-C(6) -1.3(2) C(36A)-C(35)-C(36)-C(37) -67.7(11) 
C(9)-C(10)-C(11)-B(1) 176.02(16) O(2)-C(35)-C(36A)-C(37) 12.6(5) 
C(29)-B(1)-C(11)-C(6) 104.53(15) C(36)-C(35)-C(36A)-C(37) 81.4(11) 
N(1)-B(1)-C(11)-C(6) -6.89(16) C(35)-C(36A)-C(37)-C(38) -11.9(5) 
C(27)-B(1)-C(11)-C(6) -125.39(14) C(35)-C(36A)-C(37)-C(36) -92.4(11) 
C(29)-B(1)-C(11)-C(10) -72.9(2) C(35)-C(36)-C(37)-C(38) -48.4(3) 
N(1)-B(1)-C(11)-C(10) 175.70(16) C(35)-C(36)-C(37)-C(36A) 56.5(10) 
C(27)-B(1)-C(11)-C(10) 57.2(2) C(35)-O(2)-C(38)-C(37) 0.2(3) 
N(2)-Si(1)-C(12)-C(13) 63.77(13) Li(2)-O(2)-C(38)-C(37) -149.49(19) 
C(26)-Si(1)-C(12)-C(13) -174.62(12) C(36A)-C(37)-C(38)-O(2) 7.1(4) 
C(25)-Si(1)-C(12)-C(13) -54.97(14) C(36)-C(37)-C(38)-O(2) 32.9(3) 
Li(1)-Si(1)-C(12)-C(13) 68.09(14) O(5)-Li(2)-O(3)-C(42) 169.73(17) 
N(2)-Si(1)-C(12)-C(24) -127.87(15) O(4)-Li(2)-O(3)-C(42) -66.4(2) 
C(26)-Si(1)-C(12)-C(24) -6.27(18) O(2)-Li(2)-O(3)-C(42) 54.4(2) 
C(25)-Si(1)-C(12)-C(24) 113.38(16) O(5)-Li(2)-O(3)-C(39) -20.8(3) 
Li(1)-Si(1)-C(12)-C(24) -123.56(18) O(4)-Li(2)-O(3)-C(39) 103.0(2) 
N(2)-Si(1)-C(12)-Li(1) -4.32(10) O(2)-Li(2)-O(3)-C(39) -136.17(17) 
C(26)-Si(1)-C(12)-Li(1) 117.29(10) C(42)-O(3)-C(39)-C(40) -32.88(19) 
C(25)-Si(1)-C(12)-Li(1) -123.06(10) Li(2)-O(3)-C(39)-C(40) 156.62(17) 
O(1)-Li(1)-C(12)-C(13) 78.84(16) O(3)-C(39)-C(40)-C(41) 16.8(2) 
N(2)-Li(1)-C(12)-C(13) -122.50(14) C(39)-C(40)-C(41)-C(42) 4.6(3) 
Si(1)-Li(1)-C(12)-C(13) -126.25(12) C(39)-O(3)-C(42)-C(41) 35.7(2) 
C(14)-Li(1)-C(12)-C(13) -22.25(9) Li(2)-O(3)-C(42)-C(41) -152.3(2) 
O(1)-Li(1)-C(12)-C(24) -21.3(2) C(40)-C(41)-C(42)-O(3) -24.4(3) 
N(2)-Li(1)-C(12)-C(24) 137.37(15) O(5)-Li(2)-O(4)-C(43) 106.06(18) 
C(13)-Li(1)-C(12)-C(24) -100.13(17) O(3)-Li(2)-O(4)-C(43) -20.7(3) 
Si(1)-Li(1)-C(12)-C(24) 133.62(17) O(2)-Li(2)-O(4)-C(43) -136.71(16) 
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C(14)-Li(1)-C(12)-C(24) -122.38(15) O(5)-Li(2)-O(4)-C(46) -82.1(2) 
O(1)-Li(1)-C(12)-Si(1) -154.91(15) O(3)-Li(2)-O(4)-C(46) 151.10(16) 
N(2)-Li(1)-C(12)-Si(1) 3.75(9) O(2)-Li(2)-O(4)-C(46) 35.1(3) 
C(13)-Li(1)-C(12)-Si(1) 126.25(12) C(46)-O(4)-C(43)-C(44) 19.34(18) 
C(14)-Li(1)-C(12)-Si(1) 104.00(8) Li(2)-O(4)-C(43)-C(44) -167.61(17) 
C(24)-C(12)-C(13)-C(14) 178.54(16) O(4)-C(43)-C(44)-C(45) -34.80(18) 
Si(1)-C(12)-C(13)-C(14) -10.3(2) C(43)-C(44)-C(45)-C(46) 36.71(18) 
Li(1)-C(12)-C(13)-C(14) 58.55(18) C(43)-O(4)-C(46)-C(45) 4.4(2) 
C(24)-C(12)-C(13)-C(18) 0.54(16) Li(2)-O(4)-C(46)-C(45) -168.33(17) 
Si(1)-C(12)-C(13)-C(18) 171.67(11) C(44)-C(45)-C(46)-O(4) -26.07(19) 
Li(1)-C(12)-C(13)-C(18) -119.45(13) O(4)-Li(2)-O(5)-C(50) 174.97(16) 
C(24)-C(12)-C(13)-Li(1) 119.99(13) O(3)-Li(2)-O(5)-C(50) -59.5(3) 
Si(1)-C(12)-C(13)-Li(1) -68.88(12) O(2)-Li(2)-O(5)-C(50) 54.3(2) 
O(1)-Li(1)-C(13)-C(14) 111.01(14) O(4)-Li(2)-O(5)-C(47A) -1.9(3) 
N(2)-Li(1)-C(13)-C(14) -82.61(14) O(3)-Li(2)-O(5)-C(47A) 123.7(3) 
C(12)-Li(1)-C(13)-C(14) -140.00(15) O(2)-Li(2)-O(5)-C(47A) -122.5(3) 
Si(1)-Li(1)-C(13)-C(14) -104.38(10) O(4)-Li(2)-O(5)-C(47) 26.7(3) 
O(1)-Li(1)-C(13)-C(12) -108.99(15) O(3)-Li(2)-O(5)-C(47) 152.2(3) 
N(2)-Li(1)-C(13)-C(12) 57.39(14) O(2)-Li(2)-O(5)-C(47) -94.0(3) 
Si(1)-Li(1)-C(13)-C(12) 35.61(9) C(50)-O(5)-C(47)-C(48) 5.8(5) 
C(14)-Li(1)-C(13)-C(12) 140.00(15) C(47A)-O(5)-C(47)-C(48) -66.4(6) 
O(1)-Li(1)-C(13)-C(18) -8.2(2) Li(2)-O(5)-C(47)-C(48) 159.0(3) 
N(2)-Li(1)-C(13)-C(18) 158.21(16) C(50)-O(5)-C(47A)-C(48) -44.2(3) 
C(12)-Li(1)-C(13)-C(18) 100.83(19) C(47)-O(5)-C(47A)-C(48) 71.8(6) 
Si(1)-Li(1)-C(13)-C(18) 136.44(16) Li(2)-O(5)-C(47A)-C(48) 133.2(3) 
C(14)-Li(1)-C(13)-C(18) -119.18(19) O(5)-C(47A)-C(48)-C(47) -72.4(6) 
C(12)-C(13)-C(14)-C(15) -176.48(16) O(5)-C(47A)-C(48)-C(49) 30.9(4) 
C(18)-C(13)-C(14)-C(15) 1.4(2) O(5)-C(47)-C(48)-C(47A) 66.3(5) 
Li(1)-C(13)-C(14)-C(15) -123.51(16) O(5)-C(47)-C(48)-C(49) -19.1(5) 
C(12)-C(13)-C(14)-Li(1) -52.97(17) C(47A)-C(48)-C(49)-C(50) -6.3(3) 
C(18)-C(13)-C(14)-Li(1) 124.91(15) C(47)-C(48)-C(49)-C(50) 25.0(4) 
O(1)-Li(1)-C(14)-C(15) 34.0(2) C(47A)-O(5)-C(50)-C(49) 38.5(3) 
N(2)-Li(1)-C(14)-C(15) -148.92(18) C(47)-O(5)-C(50)-C(49) 9.7(3) 
C(12)-Li(1)-C(14)-C(15) 134.46(19) Li(2)-O(5)-C(50)-C(49) -139.11(18) 
C(13)-Li(1)-C(14)-C(15) 110.1(2) C(48)-C(49)-C(50)-O(5) -20.7(2) 
Si(1)-Li(1)-C(14)-C(15) 175.65(18)   
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Figure S99. Single-crystal X-ray analysis data of compound Zr-1.  
 
Table S3.1 Crystal data and structure refinement for Zr-1. 
Empirical formula C34H39BCl2N2OSiZr 
Formula weight 692.69 
Temperature 110(2) K 
Wavelength 0.71073 Å 
Crystal system, space group Triclinic,  P1  
Unit cell dimensions a =  8.8424(6) Å α = 105.517(4)º  
 b = 12.4631(9) Å β = 91.645(3)º  
 c = 16.1075(12) Å γ = 106.554(3)º 
Volume 1628.9(2) Å3 
Z, Calculated density 2,  1.412 mg/m3 
Absorption coefficient 0.568 mm-1 
F(000) 716 
Crystal size 0.40 x 0.38 x 0.23 mm 
Theta range for data collection 1.78 to 30.66º. 
Limiting indices -12<=h<=12, -17<=k<=17, -23<=l<=23 
Reflections collected / unique 35338 / 9935 [R(int) = 0.0250] 
Completeness to theta = 30.66 98.30% 
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.7461 and 0.7030 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 9935 / 12 / 402 
Goodness-of-fit on F2 1.038 
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Final R indices [I>2(I)] R1 = 0.0259, wR2 = 0.0629 
R indices (all data) R1 = 0.0341, wR2 = 0.0659 
Extinction coefficient 0.0064(4) 
Largest diff. peak and hole 0.573 and -0.349 e.Å-3 
 
Table S3.2 Atomic coordinates (×104) and equivalent isotropic displacement 
parameters (Å2×103) for Zr-1. U(eq) is defined as one third of the trace of the 
orthogonalized Uij tensor. 
 x y z U(eq) 
Zr(1) 1904(1) 6604(1) 2217(1) 13(1) 
Cl(1) 1619(1) 5181(1) 855(1) 22(1) 
Cl(2) -128(1) 7059(1) 3092(1) 20(1) 
Si(1) 4910(1) 6518(1) 2933(1) 14(1) 
N(1) 1567(1) 4392(1) 3653(1) 13(1) 
O(1) 1299(1) 7749(1) 1475(1) 17(1) 
B(1) 615(2) 3428(1) 2738(1) 14(1) 
N(2) 2889(1) 5961(1) 3093(1) 13(1) 
C(1) 2449(1) 5523(1) 3792(1) 14(1) 
C(2) 2918(2) 6242(1) 4648(1) 18(1) 
C(3) 2561(2) 5795(1) 5340(1) 19(1) 
C(4) 1738(2) 4623(1) 5191(1) 18(1) 
C(5) 1241(1) 3942(1) 4340(1) 15(1) 
C(6) 314(2) 2710(1) 4039(1) 16(1) 
C(7) -116(1) 2364(1) 3139(1) 15(1) 
C(8) -987(2) 1197(1) 2754(1) 19(1) 
C(9) -1382(2) 413(1) 3243(1) 21(1) 
C(10) -925(2) 782(1) 4136(1) 22(1) 
C(11) -84(2) 1940(1) 4544(1) 20(1) 
C(12) -721(2) 3954(1) 2422(1) 17(1) 
C(13) -1984(2) 3084(1) 1708(1) 26(1) 
C(14) 1821(2) 3122(1) 2040(1) 16(1) 
C(15) 3106(2) 2690(1) 2373(1) 22(1) 
C(16) 4816(2) 9499(1) 2397(1) 17(1) 
C(17) 4747(2) 10625(1) 2756(1) 22(1) 
C(18) 4161(2) 10899(1) 3551(1) 24(1) 
C(19) 3652(2) 10061(1) 3987(1) 22(1) 
C(20) 3744(2) 8932(1) 3650(1) 17(1) 
C(21) 4344(1) 8641(1) 2849(1) 15(1) 
C(22) 4549(1) 7527(1) 2333(1) 15(1) 
C(23) 5201(1) 7786(1) 1551(1) 17(1) 
C(24) 5346(2) 8960(1) 1589(1) 18(1) 
C(25) 5877(2) 9401(1) 901(1) 25(1) 
C(26) 6265(2) 8674(2) 185(1) 30(1) 
C(27) 6141(2) 7517(1) 147(1) 29(1) 
C(28) 5605(2) 7065(1) 821(1) 23(1) 
C(29) 5714(2) 5387(1) 2271(1) 22(1) 
C(30) 6245(2) 7323(1) 3961(1) 22(1) 
C(31) 748(2) 8770(1) 1856(1) 23(1) 
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C(32) 1180(3) 9515(2) 1235(1) 23(1) 
C(33) 790(3) 8571(2) 355(1) 23(1) 
C(32A) 534(15) 9250(12) 1136(9) 31(3) 
C(33A) 1460(20) 8834(14) 527(10) 45(3) 
C(34) 1431(2) 7638(1) 544(1) 20(1) 
 
Table S3.3 Bond lengths [Å] and angles [º] for Zr-1.         
Zr(1)-N(2) 2.0795(10) C(15)-H(15C) 0.98 
Zr(1)-O(1) 2.2502(9) C(16)-C(17) 1.3873(19) 
Zr(1)-C(22) 2.2704(12) C(16)-C(21) 1.4242(18) 
Zr(1)-Cl(1) 2.3779(4) C(16)-C(24) 1.4529(18) 
Zr(1)-Cl(2) 2.4151(3) C(17)-C(18) 1.388(2) 
Zr(1)-C(21) 2.7393(13) C(17)-H(17) 0.95 
Zr(1)-Si(1) 2.9084(4) C(18)-C(19) 1.390(2) 
Si(1)-N(2) 1.7779(11) C(18)-H(18) 0.95 
Si(1)-C(29) 1.8540(14) C(19)-C(20) 1.3924(19) 
Si(1)-C(30) 1.8624(14) C(19)-H(19) 0.95 
Si(1)-C(22) 1.8645(13) C(20)-C(21) 1.4047(17) 
N(1)-C(1) 1.3565(16) C(20)-H(20) 0.95 
N(1)-C(5) 1.3721(15) C(21)-C(22) 1.4789(17) 
N(1)-B(1) 1.6520(17) C(22)-C(23) 1.4749(17) 
O(1)-C(31) 1.4778(16) C(23)-C(28) 1.4008(18) 
O(1)-C(34) 1.4798(15) C(23)-C(24) 1.4167(19) 
B(1)-C(7) 1.6085(19) C(24)-C(25) 1.3992(19) 
B(1)-C(14) 1.6181(19) C(25)-C(26) 1.382(2) 
B(1)-C(12) 1.6333(19) C(25)-H(25) 0.95 
N(2)-C(1) 1.3953(15) C(26)-C(27) 1.398(2) 
C(1)-C(2) 1.4039(17) C(26)-H(26) 0.95 
C(2)-C(3) 1.3803(18) C(27)-C(28) 1.387(2) 
C(2)-H(2) 0.95 C(27)-H(27) 0.95 
C(3)-C(4) 1.3840(19) C(28)-H(28) 0.95 
C(3)-H(3) 0.95 C(29)-H(29A) 0.98 
C(4)-C(5) 1.3865(18) C(29)-H(29B) 0.98 
C(4)-H(4) 0.95 C(29)-H(29C) 0.98 
C(5)-C(6) 1.4585(18) C(30)-H(30A) 0.98 
C(6)-C(11) 1.3958(18) C(30)-H(30B) 0.98 
C(6)-C(7) 1.4039(17) C(30)-H(30C) 0.98 
C(7)-C(8) 1.3951(18) C(31)-C(32A) 1.469(13) 
C(8)-C(9) 1.3896(19) C(31)-C(32) 1.524(3) 
C(8)-H(8) 0.95 C(31)-H(31A) 0.99 
C(9)-C(10) 1.396(2) C(31)-H(31B) 0.99 
C(9)-H(9) 0.95 C(32)-C(33) 1.537(3) 
C(10)-C(11) 1.386(2) C(32)-H(32A) 0.99 
C(10)-H(10) 0.95 C(32)-H(32B) 0.99 
C(11)-H(11) 0.95 C(33)-C(34) 1.524(2) 
C(12)-C(13) 1.5209(19) C(33)-H(33A) 0.99 
C(12)-H(12A) 0.99 C(33)-H(33B) 0.99 
C(12)-H(12B) 0.99 C(32A)-C(33A) 1.38(2) 
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C(13)-H(13A) 0.98 C(32A)-H(32C) 0.99 
C(13)-H(13B) 0.98 C(32A)-H(32D) 0.99 
C(13)-H(13C) 0.98 C(33A)-C(34) 1.492(15) 
C(14)-C(15) 1.5284(18) C(33A)-H(33C) 0.99 
C(14)-H(14A) 0.99 C(33A)-H(33D) 0.99 
C(14)-H(14B) 0.99 C(34)-H(34A) 0.99 
C(15)-H(15A) 0.98 C(34)-H(34B) 0.99 
C(15)-H(15B) 0.98   
    
N(2)-Zr(1)-O(1) 164.84(4) H(15B)-C(15)-H(15C) 109.5 
N(2)-Zr(1)-C(22) 76.12(4) C(17)-C(16)-C(21) 120.56(12) 
O(1)-Zr(1)-C(22) 92.57(4) C(17)-C(16)-C(24) 131.67(12) 
N(2)-Zr(1)-Cl(1) 104.63(3) C(21)-C(16)-C(24) 107.76(11) 
O(1)-Zr(1)-Cl(1) 86.91(3) C(16)-C(17)-C(18) 119.31(13) 
C(22)-Zr(1)-Cl(1) 99.18(3) C(16)-C(17)-H(17) 120.3 
N(2)-Zr(1)-Cl(2) 95.21(3) C(18)-C(17)-H(17) 120.3 
O(1)-Zr(1)-Cl(2) 84.64(3) C(17)-C(18)-C(19) 120.69(13) 
C(22)-Zr(1)-Cl(2) 131.36(3) C(17)-C(18)-H(18) 119.7 
Cl(1)-Zr(1)-Cl(2) 128.976(13) C(19)-C(18)-H(18) 119.7 
N(2)-Zr(1)-C(21) 87.09(4) C(18)-C(19)-C(20) 121.09(13) 
O(1)-Zr(1)-C(21) 78.06(4) C(18)-C(19)-H(19) 119.5 
C(22)-Zr(1)-C(21) 32.66(4) C(20)-C(19)-H(19) 119.5 
Cl(1)-Zr(1)-C(21) 126.67(3) C(19)-C(20)-C(21) 119.00(12) 
Cl(2)-Zr(1)-C(21) 100.43(3) C(19)-C(20)-H(20) 120.5 
N(2)-Zr(1)-Si(1) 37.30(3) C(21)-C(20)-H(20) 120.5 
O(1)-Zr(1)-Si(1) 132.43(3) C(20)-C(21)-C(16) 119.29(12) 
C(22)-Zr(1)-Si(1) 39.86(3) C(20)-C(21)-C(22) 130.93(12) 
Cl(1)-Zr(1)-Si(1) 98.439(12) C(16)-C(21)-C(22) 109.75(11) 
Cl(2)-Zr(1)-Si(1) 123.534(12) C(20)-C(21)-Zr(1) 93.17(8) 
C(21)-Zr(1)-Si(1) 60.89(3) C(16)-C(21)-Zr(1) 123.46(8) 
N(2)-Si(1)-C(29) 113.30(6) C(22)-C(21)-Zr(1) 55.95(6) 
N(2)-Si(1)-C(30) 113.48(6) C(23)-C(22)-C(21) 104.30(11) 
C(29)-Si(1)-C(30) 109.57(6) C(23)-C(22)-Si(1) 130.13(9) 
N(2)-Si(1)-C(22) 94.99(5) C(21)-C(22)-Si(1) 117.50(9) 
C(29)-Si(1)-C(22) 112.98(6) C(23)-C(22)-Zr(1) 117.27(8) 
C(30)-Si(1)-C(22) 111.96(6) C(21)-C(22)-Zr(1) 91.38(7) 
N(2)-Si(1)-Zr(1) 45.14(3) Si(1)-C(22)-Zr(1) 88.84(5) 
C(29)-Si(1)-Zr(1) 115.99(5) C(28)-C(23)-C(24) 119.53(12) 
C(30)-Si(1)-Zr(1) 134.38(4) C(28)-C(23)-C(22) 130.55(12) 
C(22)-Si(1)-Zr(1) 51.30(4) C(24)-C(23)-C(22) 109.88(11) 
C(1)-N(1)-C(5) 120.13(11) C(25)-C(24)-C(23) 120.61(13) 
C(1)-N(1)-B(1) 128.95(10) C(25)-C(24)-C(16) 131.05(13) 
C(5)-N(1)-B(1) 110.65(10) C(23)-C(24)-C(16) 108.30(11) 
C(31)-O(1)-C(34) 108.78(9) C(26)-C(25)-C(24) 118.94(14) 
C(31)-O(1)-Zr(1) 124.89(8) C(26)-C(25)-H(25) 120.5 
C(34)-O(1)-Zr(1) 126.30(7) C(24)-C(25)-H(25) 120.5 
C(7)-B(1)-C(14) 111.42(10) C(25)-C(26)-C(27) 120.78(14) 
C(7)-B(1)-C(12) 113.36(10) C(25)-C(26)-H(26) 119.6 
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C(14)-B(1)-C(12) 115.60(10) C(27)-C(26)-H(26) 119.6 
C(7)-B(1)-N(1) 96.88(9) C(28)-C(27)-C(26) 120.99(14) 
C(14)-B(1)-N(1) 111.91(10) C(28)-C(27)-H(27) 119.5 
C(12)-B(1)-N(1) 105.97(10) C(26)-C(27)-H(27) 119.5 
C(1)-N(2)-Si(1) 122.07(8) C(27)-C(28)-C(23) 119.14(14) 
C(1)-N(2)-Zr(1) 138.35(8) C(27)-C(28)-H(28) 120.4 
Si(1)-N(2)-Zr(1) 97.57(5) C(23)-C(28)-H(28) 120.4 
N(1)-C(1)-N(2) 120.37(11) Si(1)-C(29)-H(29A) 109.5 
N(1)-C(1)-C(2) 118.97(11) Si(1)-C(29)-H(29B) 109.5 
N(2)-C(1)-C(2) 120.65(11) H(29A)-C(29)-H(29B) 109.5 
C(3)-C(2)-C(1) 120.72(12) Si(1)-C(29)-H(29C) 109.5 
C(3)-C(2)-H(2) 119.6 H(29A)-C(29)-H(29C) 109.5 
C(1)-C(2)-H(2) 119.6 H(29B)-C(29)-H(29C) 109.5 
C(2)-C(3)-C(4) 119.86(12) Si(1)-C(30)-H(30A) 109.5 
C(2)-C(3)-H(3) 120.1 Si(1)-C(30)-H(30B) 109.5 
C(4)-C(3)-H(3) 120.1 H(30A)-C(30)-H(30B) 109.5 
C(3)-C(4)-C(5) 118.22(12) Si(1)-C(30)-H(30C) 109.5 
C(3)-C(4)-H(4) 120.9 H(30A)-C(30)-H(30C) 109.5 
C(5)-C(4)-H(4) 120.9 H(30B)-C(30)-H(30C) 109.5 
N(1)-C(5)-C(4) 121.91(12) C(32A)-C(31)-O(1) 105.5(5) 
N(1)-C(5)-C(6) 110.69(11) C(32A)-C(31)-C(32) 21.7(5) 
C(4)-C(5)-C(6) 127.39(12) O(1)-C(31)-C(32) 103.90(13) 
C(11)-C(6)-C(7) 122.87(12) C(32A)-C(31)-H(31A) 127.6 
C(11)-C(6)-C(5) 126.55(12) O(1)-C(31)-H(31A) 111 
C(7)-C(6)-C(5) 110.56(11) C(32)-C(31)-H(31A) 111 
C(8)-C(7)-C(6) 117.05(12) C(32A)-C(31)-H(31B) 90.8 
C(8)-C(7)-B(1) 132.03(11) O(1)-C(31)-H(31B) 111 
C(6)-C(7)-B(1) 110.82(11) C(32)-C(31)-H(31B) 111 
C(9)-C(8)-C(7) 121.05(12) H(31A)-C(31)-H(31B) 109 
C(9)-C(8)-H(8) 119.5 C(31)-C(32)-C(33) 101.22(17) 
C(7)-C(8)-H(8) 119.5 C(31)-C(32)-H(32A) 111.5 
C(8)-C(9)-C(10) 120.45(13) C(33)-C(32)-H(32A) 111.5 
C(8)-C(9)-H(9) 119.8 C(31)-C(32)-H(32B) 111.5 
C(10)-C(9)-H(9) 119.8 C(33)-C(32)-H(32B) 111.5 
C(11)-C(10)-C(9) 120.20(13) H(32A)-C(32)-H(32B) 109.3 
C(11)-C(10)-H(10) 119.9 C(34)-C(33)-C(32) 102.25(15) 
C(9)-C(10)-H(10) 119.9 C(34)-C(33)-H(33A) 111.3 
C(10)-C(11)-C(6) 118.36(12) C(32)-C(33)-H(33A) 111.3 
C(10)-C(11)-H(11) 120.8 C(34)-C(33)-H(33B) 111.3 
C(6)-C(11)-H(11) 120.8 C(32)-C(33)-H(33B) 111.3 
C(13)-C(12)-B(1) 114.63(11) H(33A)-C(33)-H(33B) 109.2 
C(13)-C(12)-H(12A) 108.6 C(33A)-C(32A)-C(31) 104.9(10) 
B(1)-C(12)-H(12A) 108.6 C(33A)-C(32A)-H(32C) 110.8 
C(13)-C(12)-H(12B) 108.6 C(31)-C(32A)-H(32C) 110.8 
B(1)-C(12)-H(12B) 108.6 C(33A)-C(32A)-H(32D) 110.8 
H(12A)-C(12)-H(12B) 107.6 C(31)-C(32A)-H(32D) 110.8 
C(12)-C(13)-H(13A) 109.5 H(32C)-C(32A)-H(32D) 108.8 
C(12)-C(13)-H(13B) 109.5 C(32A)-C(33A)-C(34) 109.3(11) 
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H(13A)-C(13)-H(13B) 109.5 C(32A)-C(33A)-H(33C) 109.8 
C(12)-C(13)-H(13C) 109.5 C(34)-C(33A)-H(33C) 109.8 
H(13A)-C(13)-H(13C) 109.5 C(32A)-C(33A)-H(33D) 109.8 
H(13B)-C(13)-H(13C) 109.5 C(34)-C(33A)-H(33D) 109.8 
C(15)-C(14)-B(1) 114.22(11) H(33C)-C(33A)-H(33D) 108.3 
C(15)-C(14)-H(14A) 108.7 O(1)-C(34)-C(33A) 100.1(6) 
B(1)-C(14)-H(14A) 108.7 O(1)-C(34)-C(33) 105.45(12) 
C(15)-C(14)-H(14B) 108.7 C(33A)-C(34)-C(33) 23.0(6) 
B(1)-C(14)-H(14B) 108.7 O(1)-C(34)-H(34A) 110.7 
H(14A)-C(14)-H(14B) 107.6 C(33A)-C(34)-H(34A) 132.1 
C(14)-C(15)-H(15A) 109.5 C(33)-C(34)-H(34A) 110.7 
C(14)-C(15)-H(15B) 109.5 O(1)-C(34)-H(34B) 110.7 
H(15A)-C(15)-H(15B) 109.5 C(33A)-C(34)-H(34B) 92.6 
C(14)-C(15)-H(15C) 109.5 C(33)-C(34)-H(34B) 110.7 
H(15A)-C(15)-H(15C) 109.5 H(34A)-C(34)-H(34B) 108.8 
 
Table S3.4 Anisotropic displacement parameters (Å2 ×103) for Zr-1. The anisotropic 
displacement factor exponent takes the form: -2 pi2[h2 a*2 U11 + ... + 2 h k a* b* U12].       
 U11 U22 U33 U23 U13 U12 
Zr(1) 12(1) 16(1) 14(1) 5(1) 2(1) 4(1) 
Cl(1) 30(1) 17(1) 17(1) 3(1) -2(1) 6(1) 
Cl(2) 16(1) 24(1) 21(1) 6(1) 7(1) 6(1) 
Si(1) 11(1) 13(1) 16(1) 2(1) 1(1) 4(1) 
N(1) 13(1) 14(1) 13(1) 5(1) 2(1) 5(1) 
O(1) 20(1) 19(1) 15(1) 6(1) 3(1) 9(1) 
B(1) 16(1) 13(1) 13(1) 3(1) -1(1) 3(1) 
N(2) 13(1) 13(1) 14(1) 4(1) 1(1) 4(1) 
C(1) 13(1) 15(1) 14(1) 4(1) 1(1) 5(1) 
C(2) 20(1) 15(1) 16(1) 2(1) 0(1) 4(1) 
C(3) 23(1) 19(1) 14(1) 2(1) 0(1) 6(1) 
C(4) 22(1) 20(1) 14(1) 6(1) 2(1) 8(1) 
C(5) 15(1) 17(1) 14(1) 6(1) 2(1) 6(1) 
C(6) 17(1) 16(1) 16(1) 5(1) 3(1) 6(1) 
C(7) 14(1) 16(1) 16(1) 5(1) 2(1) 5(1) 
C(8) 19(1) 19(1) 18(1) 4(1) 2(1) 4(1) 
C(9) 19(1) 16(1) 26(1) 6(1) 3(1) 2(1) 
C(10) 24(1) 20(1) 25(1) 13(1) 5(1) 6(1) 
C(11) 23(1) 22(1) 17(1) 9(1) 3(1) 6(1) 
C(12) 17(1) 17(1) 16(1) 4(1) 1(1) 6(1) 
C(13) 26(1) 24(1) 25(1) 2(1) -7(1) 9(1) 
C(14) 18(1) 15(1) 15(1) 4(1) 3(1) 6(1) 
C(15) 23(1) 22(1) 26(1) 9(1) 6(1) 12(1) 
C(16) 14(1) 16(1) 19(1) 6(1) 1(1) 2(1) 
C(17) 24(1) 16(1) 26(1) 9(1) 2(1) 5(1) 
C(18) 31(1) 16(1) 26(1) 3(1) 2(1) 10(1) 
C(19) 26(1) 20(1) 20(1) 3(1) 4(1) 10(1) 
C(20) 18(1) 17(1) 18(1) 5(1) 3(1) 6(1) 
C(21) 13(1) 14(1) 17(1) 4(1) 1(1) 3(1) 
Chapter 4                                                                                                       Appendix 
 
194 
 
C(22) 14(1) 14(1) 16(1) 3(1) 3(1) 3(1) 
C(23) 13(1) 17(1) 17(1) 4(1) 2(1) 1(1) 
C(24) 15(1) 19(1) 18(1) 6(1) 2(1) 0(1) 
C(25) 27(1) 21(1) 23(1) 9(1) 4(1) -1(1) 
C(26) 32(1) 32(1) 20(1) 10(1) 9(1) -2(1) 
C(27) 29(1) 30(1) 19(1) 2(1) 10(1) 2(1) 
C(28) 21(1) 21(1) 21(1) 2(1) 6(1) 2(1) 
C(29) 17(1) 19(1) 27(1) 2(1) 4(1) 8(1) 
C(30) 15(1) 24(1) 22(1) 1(1) -2(1) 7(1) 
C(31) 31(1) 23(1) 22(1) 7(1) 6(1) 17(1) 
C(32) 33(1) 20(1) 20(1) 7(1) 2(1) 12(1) 
C(33) 31(1) 22(1) 17(1) 7(1) -3(1) 12(1) 
C(32A) 36(5) 23(5) 36(5) 13(4) -6(5) 11(4) 
C(33A) 63(7) 43(6) 39(6) 24(5) 7(5) 21(5) 
C(34) 26(1) 19(1) 13(1) 5(1) 2(1) 7(1) 
 
Table S3.5 Hydrogen coordinates (×104) and isotropic displacement parameters 
(Å2×103) for Zr-1.    
 x y z U(eq) 
H(2) 3487 7046 4752 21 
H(3) 2879 6289 5917 23 
H(4) 1519 4295 5659 22 
H(8) -1316 934 2148 23 
H(9) -1967 -381 2968 25 
H(10) -1192 239 4464 27 
H(11) 214 2203 5153 24 
H(12A) -1251 4248 2929 20 
H(12B) -177 4629 2214 20 
H(13A) -1473 2771 1207 39 
H(13B) -2700 3478 1535 39 
H(13C) -2591 2443 1923 39 
H(14A) 1199 2515 1517 19 
H(14B) 2341 3830 1864 19 
H(15A) 3725 3282 2894 33 
H(15B) 3810 2551 1924 33 
H(15C) 2607 1961 2513 33 
H(17) 5098 11202 2462 26 
H(18) 4108 11668 3798 29 
H(19) 3235 10261 4524 26 
H(20) 3407 8368 3956 21 
H(25) 5968 10187 925 30 
H(26) 6621 8963 -287 36 
H(27) 6428 7034 -347 34 
H(28) 5513 6275 787 27 
H(29A) 5873 4880 2616 32 
H(29B) 6731 5765 2093 32 
H(29C) 4962 4917 1756 32 
H(30A) 5878 7970 4284 32 
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H(30B) 7330 7633 3828 32 
H(30C) 6231 6790 4313 32 
H(31A) 1296 9202 2446 28 
H(31B) -413 8526 1885 28 
H(32A) 2318 9976 1343 28 
H(32B) 525 10049 1278 28 
H(33A) -368 8265 174 27 
H(33B) 1333 8876 -101 27 
H(32C) -596 8979 893 37 
H(32D) 895 10115 1334 37 
H(33C) 2561 9363 657 54 
H(33D) 1036 8806 -58 54 
H(34A) 795 6850 183 23 
H(34B) 2551 7771 425 23 
 
Table S3.6 Torsion angles [º] for Zr-1.   
O(1)-Zr(1)-Si(1)-N(2) 163.35(6) C(24)-C(16)-C(17)-C(18) 179.38(13) 
C(22)-Zr(1)-Si(1)-N(2) 162.66(7) C(16)-C(17)-C(18)-C(19) 0.3(2) 
Cl(1)-Zr(1)-Si(1)-N(2) -103.11(5) C(17)-C(18)-C(19)-C(20) 1.3(2) 
Cl(2)-Zr(1)-Si(1)-N(2) 46.34(5) C(18)-C(19)-C(20)-C(21) -0.9(2) 
C(21)-Zr(1)-Si(1)-N(2) 129.42(6) C(19)-C(20)-C(21)-C(16) -1.03(18) 
N(2)-Zr(1)-Si(1)-C(29) 97.80(7) C(19)-C(20)-C(21)-C(22) -178.69(13) 
O(1)-Zr(1)-Si(1)-C(29) -98.86(6) C(19)-C(20)-C(21)-Zr(1) -132.65(11) 
C(22)-Zr(1)-Si(1)-C(29) -99.55(7) C(17)-C(16)-C(21)-C(20) 2.56(18) 
Cl(1)-Zr(1)-Si(1)-C(29) -5.31(5) C(24)-C(16)-C(21)-C(20) -178.65(11) 
Cl(2)-Zr(1)-Si(1)-C(29) 144.14(5) C(17)-C(16)-C(21)-C(22) -179.31(12) 
C(21)-Zr(1)-Si(1)-C(29) -132.78(6) C(24)-C(16)-C(21)-C(22) -0.52(14) 
N(2)-Zr(1)-Si(1)-C(30) -79.18(8) C(17)-C(16)-C(21)-Zr(1) 119.09(12) 
O(1)-Zr(1)-Si(1)-C(30) 84.16(8) C(24)-C(16)-C(21)-Zr(1) -62.11(12) 
C(22)-Zr(1)-Si(1)-C(30) 83.47(9) N(2)-Zr(1)-C(21)-C(20) -70.42(8) 
Cl(1)-Zr(1)-Si(1)-C(30) 177.71(7) O(1)-Zr(1)-C(21)-C(20) 106.53(8) 
Cl(2)-Zr(1)-Si(1)-C(30) -32.84(7) C(22)-Zr(1)-C(21)-C(20) -138.97(12) 
C(21)-Zr(1)-Si(1)-C(30) 50.24(8) Cl(1)-Zr(1)-C(21)-C(20) -176.53(6) 
N(2)-Zr(1)-Si(1)-C(22) -162.66(7) Cl(2)-Zr(1)-C(21)-C(20) 24.34(8) 
O(1)-Zr(1)-Si(1)-C(22) 0.69(6) Si(1)-Zr(1)-C(21)-C(20) -98.37(8) 
Cl(1)-Zr(1)-Si(1)-C(22) 94.24(5) N(2)-Zr(1)-C(21)-C(16) 160.97(10) 
Cl(2)-Zr(1)-Si(1)-C(22) -116.31(5) O(1)-Zr(1)-C(21)-C(16) -22.08(10) 
C(21)-Zr(1)-Si(1)-C(22) -33.23(6) C(22)-Zr(1)-C(21)-C(16) 92.42(12) 
N(2)-Zr(1)-O(1)-C(31) -58.36(18) Cl(1)-Zr(1)-C(21)-C(16) 54.86(11) 
C(22)-Zr(1)-O(1)-C(31) -99.54(10) Cl(2)-Zr(1)-C(21)-C(16) -104.26(10) 
Cl(1)-Zr(1)-O(1)-C(31) 161.40(10) Si(1)-Zr(1)-C(21)-C(16) 133.02(11) 
Cl(2)-Zr(1)-O(1)-C(31) 31.78(10) N(2)-Zr(1)-C(21)-C(22) 68.55(8) 
C(21)-Zr(1)-O(1)-C(31) -70.09(10) O(1)-Zr(1)-C(21)-C(22) -114.50(8) 
Si(1)-Zr(1)-O(1)-C(31) -99.98(10) Cl(1)-Zr(1)-C(21)-C(22) -37.56(8) 
N(2)-Zr(1)-O(1)-C(34) 119.55(15) Cl(2)-Zr(1)-C(21)-C(22) 163.31(7) 
C(22)-Zr(1)-O(1)-C(34) 78.37(10) Si(1)-Zr(1)-C(21)-C(22) 40.60(7) 
Cl(1)-Zr(1)-O(1)-C(34) -20.69(9) C(20)-C(21)-C(22)-C(23) 178.79(13) 
Cl(2)-Zr(1)-O(1)-C(34) -150.31(10) C(16)-C(21)-C(22)-C(23) 0.96(13) 
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C(21)-Zr(1)-O(1)-C(34) 107.82(10) Zr(1)-C(21)-C(22)-C(23) 118.63(9) 
Si(1)-Zr(1)-O(1)-C(34) 77.93(10) C(20)-C(21)-C(22)-Si(1) -29.24(17) 
C(1)-N(1)-B(1)-C(7) -178.98(11) C(16)-C(21)-C(22)-Si(1) 152.92(9) 
C(5)-N(1)-B(1)-C(7) -5.01(12) Zr(1)-C(21)-C(22)-Si(1) -89.41(8) 
C(1)-N(1)-B(1)-C(14) 64.59(15) C(20)-C(21)-C(22)-Zr(1) 60.16(14) 
C(5)-N(1)-B(1)-C(14) -121.43(11) C(16)-C(21)-C(22)-Zr(1) -117.67(9) 
C(1)-N(1)-B(1)-C(12) -62.24(15) N(2)-Si(1)-C(22)-C(23) -137.86(12) 
C(5)-N(1)-B(1)-C(12) 111.73(11) C(29)-Si(1)-C(22)-C(23) -19.93(14) 
C(29)-Si(1)-N(2)-C(1) 89.25(11) C(30)-Si(1)-C(22)-C(23) 104.35(12) 
C(30)-Si(1)-N(2)-C(1) -36.53(12) Zr(1)-Si(1)-C(22)-C(23) -125.61(13) 
C(22)-Si(1)-N(2)-C(1) -153.09(10) N(2)-Si(1)-C(22)-C(21) 78.71(10) 
Zr(1)-Si(1)-N(2)-C(1) -166.60(12) C(29)-Si(1)-C(22)-C(21) -163.37(9) 
C(29)-Si(1)-N(2)-Zr(1) -104.16(6) C(30)-Si(1)-C(22)-C(21) -39.09(11) 
C(30)-Si(1)-N(2)-Zr(1) 130.06(6) Zr(1)-Si(1)-C(22)-C(21) 90.95(9) 
C(22)-Si(1)-N(2)-Zr(1) 13.51(5) N(2)-Si(1)-C(22)-Zr(1) -12.25(5) 
O(1)-Zr(1)-N(2)-C(1) 108.82(16) C(29)-Si(1)-C(22)-Zr(1) 105.68(6) 
C(22)-Zr(1)-N(2)-C(1) 151.46(13) C(30)-Si(1)-C(22)-Zr(1) -130.04(5) 
Cl(1)-Zr(1)-N(2)-C(1) -112.50(12) N(2)-Zr(1)-C(22)-C(23) 146.36(10) 
Cl(2)-Zr(1)-N(2)-C(1) 20.08(13) O(1)-Zr(1)-C(22)-C(23) -43.86(10) 
C(21)-Zr(1)-N(2)-C(1) 120.30(13) Cl(1)-Zr(1)-C(22)-C(23) 43.43(10) 
Si(1)-Zr(1)-N(2)-C(1) 162.81(15) Cl(2)-Zr(1)-C(22)-C(23) -128.98(8) 
O(1)-Zr(1)-N(2)-Si(1) -53.99(16) C(21)-Zr(1)-C(22)-C(23) -106.88(12) 
C(22)-Zr(1)-N(2)-Si(1) -11.35(5) Si(1)-Zr(1)-C(22)-C(23) 135.63(12) 
Cl(1)-Zr(1)-N(2)-Si(1) 84.69(4) N(2)-Zr(1)-C(22)-C(21) -106.76(8) 
Cl(2)-Zr(1)-N(2)-Si(1) -142.73(4) O(1)-Zr(1)-C(22)-C(21) 63.02(7) 
C(21)-Zr(1)-N(2)-Si(1) -42.51(5) Cl(1)-Zr(1)-C(22)-C(21) 150.31(7) 
C(5)-N(1)-C(1)-N(2) 174.96(10) Cl(2)-Zr(1)-C(22)-C(21) -22.10(9) 
B(1)-N(1)-C(1)-N(2) -11.56(18) Si(1)-Zr(1)-C(22)-C(21) -117.49(9) 
C(5)-N(1)-C(1)-C(2) -4.74(17) N(2)-Zr(1)-C(22)-Si(1) 10.72(4) 
B(1)-N(1)-C(1)-C(2) 168.74(11) O(1)-Zr(1)-C(22)-Si(1) -179.49(4) 
Si(1)-N(2)-C(1)-N(1) -118.69(11) Cl(1)-Zr(1)-C(22)-Si(1) -92.20(4) 
Zr(1)-N(2)-C(1)-N(1) 81.54(16) Cl(2)-Zr(1)-C(22)-Si(1) 95.39(5) 
Si(1)-N(2)-C(1)-C(2) 61.00(14) C(21)-Zr(1)-C(22)-Si(1) 117.49(9) 
Zr(1)-N(2)-C(1)-C(2) -98.77(14) C(21)-C(22)-C(23)-C(28) -178.47(13) 
N(1)-C(1)-C(2)-C(3) 3.37(19) Si(1)-C(22)-C(23)-C(28) 34.6(2) 
N(2)-C(1)-C(2)-C(3) -176.33(11) Zr(1)-C(22)-C(23)-C(28) -79.30(16) 
C(1)-C(2)-C(3)-C(4) 0.3(2) C(21)-C(22)-C(23)-C(24) -1.05(13) 
C(2)-C(3)-C(4)-C(5) -2.5(2) Si(1)-C(22)-C(23)-C(24) -148.01(11) 
C(1)-N(1)-C(5)-C(4) 2.58(18) Zr(1)-C(22)-C(23)-C(24) 98.12(11) 
B(1)-N(1)-C(5)-C(4) -172.00(11) C(28)-C(23)-C(24)-C(25) 0.50(19) 
C(1)-N(1)-C(5)-C(6) -178.60(10) C(22)-C(23)-C(24)-C(25) -177.25(12) 
B(1)-N(1)-C(5)-C(6) 6.82(13) C(28)-C(23)-C(24)-C(16) 178.52(11) 
C(3)-C(4)-C(5)-N(1) 1.09(19) C(22)-C(23)-C(24)-C(16) 0.77(14) 
C(3)-C(4)-C(5)-C(6) -177.51(12) C(17)-C(16)-C(24)-C(25) -3.8(2) 
N(1)-C(5)-C(6)-C(11) 172.58(12) C(21)-C(16)-C(24)-C(25) 177.59(14) 
C(4)-C(5)-C(6)-C(11) -8.7(2) C(17)-C(16)-C(24)-C(23) 178.45(14) 
N(1)-C(5)-C(6)-C(7) -5.81(14) C(21)-C(16)-C(24)-C(23) -0.15(14) 
C(4)-C(5)-C(6)-C(7) 172.92(12) C(23)-C(24)-C(25)-C(26) -0.3(2) 
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C(11)-C(6)-C(7)-C(8) 0.43(19) C(16)-C(24)-C(25)-C(26) -177.85(14) 
C(5)-C(6)-C(7)-C(8) 178.90(11) C(24)-C(25)-C(26)-C(27) -0.3(2) 
C(11)-C(6)-C(7)-B(1) -176.27(12) C(25)-C(26)-C(27)-C(28) 0.9(2) 
C(5)-C(6)-C(7)-B(1) 2.19(14) C(26)-C(27)-C(28)-C(23) -0.7(2) 
C(14)-B(1)-C(7)-C(8) -57.73(17) C(24)-C(23)-C(28)-C(27) 0.0(2) 
C(12)-B(1)-C(7)-C(8) 74.73(17) C(22)-C(23)-C(28)-C(27) 177.24(13) 
N(1)-B(1)-C(7)-C(8) -174.54(13) C(34)-O(1)-C(31)-C(32A) 0.8(5) 
C(14)-B(1)-C(7)-C(6) 118.32(12) Zr(1)-O(1)-C(31)-C(32A) 179.0(5) 
C(12)-B(1)-C(7)-C(6) -109.22(12) C(34)-O(1)-C(31)-C(32) -21.59(16) 
N(1)-B(1)-C(7)-C(6) 1.51(12) Zr(1)-O(1)-C(31)-C(32) 156.63(11) 
C(6)-C(7)-C(8)-C(9) -1.10(19) C(32A)-C(31)-C(32)-C(33) -57.9(16) 
B(1)-C(7)-C(8)-C(9) 174.75(13) O(1)-C(31)-C(32)-C(33) 39.01(18) 
C(7)-C(8)-C(9)-C(10) 0.6(2) C(31)-C(32)-C(33)-C(34) -41.70(19) 
C(8)-C(9)-C(10)-C(11) 0.6(2) O(1)-C(31)-C(32A)-C(33A) -21.1(11) 
C(9)-C(10)-C(11)-C(6) -1.2(2) C(32)-C(31)-C(32A)-C(33A) 67.7(16) 
C(7)-C(6)-C(11)-C(10) 0.7(2) C(31)-C(32A)-C(33A)-C(34) 34.4(14) 
C(5)-C(6)-C(11)-C(10) -177.48(13) C(31)-O(1)-C(34)-C(33A) 17.9(7) 
C(7)-B(1)-C(12)-C(13) -61.37(15) Zr(1)-O(1)-C(34)-C(33A) -160.2(7) 
C(14)-B(1)-C(12)-C(13) 69.03(15) C(31)-O(1)-C(34)-C(33) -5.00(16) 
N(1)-B(1)-C(12)-C(13) -166.39(11) Zr(1)-O(1)-C(34)-C(33) 176.81(11) 
C(7)-B(1)-C(14)-C(15) -51.58(14) C(32A)-C(33A)-C(34)-O(1) -32.6(12) 
C(12)-B(1)-C(14)-C(15) 177.10(11) C(32A)-C(33A)-C(34)-C(33) 73.2(17) 
N(1)-B(1)-C(14)-C(15) 55.67(14) C(32)-C(33)-C(34)-O(1) 29.21(19) 
C(21)-C(16)-C(17)-C(18) -2.16(19) C(32)-C(33)-C(34)-C(33A) -50.1(15) 
 
 
Figure S100. Single-crystal X-ray analysis data of compound Hf-1. 
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Table S4.1 Crystal data and structure refinement for Hf-1. 
Empirical formula C34H39BCl2HfN2OSi 
Formula weight 779.96 
Temperature 110(2) K 
Wavelength 0.71073 Å 
Crystal system, space group Triclinic,  P1  
Unit cell dimensions a =  8.8119(5) Å α = 105.491(3)º  
 b = 12.4637(7) Å β = 91.532(3)º  
 c = 16.1223(9) Å γ = 106.268(2)º  
Volume 1628.15(16) Å3 
Z, Calculated density 2,  1.591 mg/m3 
Absorption coefficient 3.435 mm-1 
F(000) 780 
Crystal size 0.41 x 0.33 x 0.25 mm 
Theta range for data collection 1.78 to 28.39º. 
Limiting indices -11<=h<=11, -16<=k<=16, -21<=l<=20 
Reflections collected / unique 27305 / 8030 [R(int) = 0.0216] 
Completeness to theta = 28.39 98.20% 
Absorption correction Numerical 
Max. and min. transmission 0.5836 and 0.2816 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 8030 / 12 / 401 
Goodness-of-fit on F2 1.041 
Final R indices [I>2(I)] R1 = 0.0242, wR2 = 0.0521 
R indices (all data) R1 = 0.0314, wR2 = 0.0542 
Largest diff. peak and hole 2.331 and -1.091 e.Å-3 
 
Table S4.2 Atomic coordinates (×104) and equivalent isotropic displacement 
parameters (Å2×103) for Hf-1. U(eq) is defined as one third of the trace of the 
orthogonalized Uij tensor. 
 x y z U(eq) 
Hf(1) 1907(1) 6599(1) 2210(1) 16(1) 
Cl(1) -106(1) 7066(1) 3081(1) 24(1) 
Cl(2) 1543(1) 5171(1) 876(1) 27(1) 
Si(1) 4910(1) 6517(1) 2923(1) 16(1) 
C(1) 2447(3) 5520(2) 3780(2) 16(1) 
N(1) 2889(2) 5955(2) 3081(1) 15(1) 
B(1) 628(3) 3420(2) 2742(2) 17(1) 
N(2) 1572(2) 4387(2) 3647(1) 15(1) 
C(2) 2912(3) 6236(2) 4631(2) 20(1) 
C(3) 2557(3) 5795(2) 5324(2) 22(1) 
C(4) 1747(3) 4631(2) 5181(2) 20(1) 
C(5) 1252(3) 3948(2) 4338(2) 17(1) 
C(6) 332(3) 2715(2) 4043(2) 18(1) 
C(7) -83(3) 2362(2) 3149(2) 18(1) 
C(8) -945(3) 1195(2) 2772(2) 22(1) 
C(9) -1344(3) 421(2) 3268(2) 26(1) 
C(10) -909(3) 795(3) 4152(2) 26(1) 
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C(11) -76(3) 1955(2) 4554(2) 23(1) 
C(12) 4521(3) 7524(2) 2327(2) 16(1) 
C(13) 4355(3) 8653(2) 2855(2) 16(1) 
C(14) 3771(3) 8955(2) 3656(2) 19(1) 
C(15) 3718(3) 10090(2) 3998(2) 23(1) 
C(16) 4231(4) 10915(3) 3564(2) 25(1) 
C(17) 4805(3) 10644(2) 2771(2) 24(1) 
C(18) 4851(3) 9511(2) 2402(2) 19(1) 
C(19) 5194(3) 7788(2) 1550(2) 19(1) 
C(20) 5586(3) 7066(2) 816(2) 25(1) 
C(21) 6134(4) 7517(3) 145(2) 32(1) 
C(22) 6283(4) 8674(3) 191(2) 32(1) 
C(23) 5907(4) 9401(3) 905(2) 27(1) 
C(24) 5369(3) 8963(2) 1591(2) 20(1) 
C(25) 5731(3) 5399(2) 2257(2) 25(1) 
C(26) 6246(3) 7310(2) 3947(2) 24(1) 
C(27) 1841(3) 3122(2) 2045(2) 19(1) 
C(28) 3142(3) 2705(3) 2373(2) 25(1) 
C(29) -741(3) 3928(2) 2432(2) 20(1) 
C(30) -1938(4) 3076(3) 1688(2) 30(1) 
O(1) 1327(2) 7751(2) 1490(1) 20(1) 
C(31) 1455(3) 7635(2) 557(2) 23(1) 
C(32) 819(6) 8573(5) 366(3) 26(1) 
C(33) 1234(6) 9527(4) 1248(3) 24(1) 
C(32A) 1390(30) 8790(20) 515(17) 37(6) 
C(33A) 590(30) 9240(20) 1146(17) 38(6) 
C(34) 791(4) 8786(3) 1870(2) 27(1) 
 
Table S4.3 Bond lengths [Å] and angles [º] for Hf-1.  
Hf(1)-N(1) 2.071(2) C(19)-C(20) 1.399(4) 
Hf(1)-O(1) 2.2229(18) C(19)-C(24) 1.412(4) 
Hf(1)-C(12) 2.246(2) C(20)-C(21) 1.385(4) 
Hf(1)-Cl(2) 2.3441(7) C(20)-H(20) 0.95 
Hf(1)-Cl(1) 2.3939(7) C(21)-C(22) 1.393(5) 
Hf(1)-C(13) 2.767(2) C(21)-H(21) 0.95 
Hf(1)-Si(1) 2.8954(7) C(22)-C(23) 1.374(4) 
Si(1)-N(1) 1.774(2) C(22)-H(22) 0.95 
Si(1)-C(25) 1.850(3) C(23)-C(24) 1.397(4) 
Si(1)-C(26) 1.861(3) C(23)-H(23) 0.95 
Si(1)-C(12) 1.865(3) C(25)-H(25A) 0.98 
C(1)-N(2) 1.362(3) C(25)-H(25B) 0.98 
C(1)-N(1) 1.396(3) C(25)-H(25C) 0.98 
C(1)-C(2) 1.399(4) C(26)-H(26A) 0.98 
B(1)-C(7) 1.607(4) C(26)-H(26B) 0.98 
B(1)-C(27) 1.615(4) C(26)-H(26C) 0.98 
B(1)-C(29) 1.634(4) C(27)-C(28) 1.520(4) 
B(1)-N(2) 1.646(3) C(27)-H(27A) 0.99 
N(2)-C(5) 1.369(3) C(27)-H(27B) 0.99 
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C(2)-C(3) 1.378(4) C(28)-H(28A) 0.98 
C(2)-H(2) 0.95 C(28)-H(28B) 0.98 
C(3)-C(4) 1.378(4) C(28)-H(28C) 0.98 
C(3)-H(3) 0.95 C(29)-C(30) 1.517(4) 
C(4)-C(5) 1.379(4) C(29)-H(29A) 0.99 
C(4)-H(4) 0.95 C(29)-H(29B) 0.99 
C(5)-C(6) 1.462(4) C(30)-H(30A) 0.98 
C(6)-C(7) 1.395(4) C(30)-H(30B) 0.98 
C(6)-C(11) 1.396(4) C(30)-H(30C) 0.98 
C(7)-C(8) 1.395(4) O(1)-C(31) 1.482(3) 
C(8)-C(9) 1.390(4) O(1)-C(34) 1.482(3) 
C(8)-H(8) 0.95 C(31)-C(32A) 1.47(3) 
C(9)-C(10) 1.382(4) C(31)-C(32) 1.525(6) 
C(9)-H(9) 0.95 C(31)-H(31A) 0.99 
C(10)-C(11) 1.388(4) C(31)-H(31B) 0.99 
C(10)-H(10) 0.95 C(32)-C(33) 1.547(7) 
C(11)-H(11) 0.95 C(32)-H(32A) 0.99 
C(12)-C(19) 1.477(4) C(32)-H(32B) 0.99 
C(12)-C(13) 1.486(3) C(33)-C(34) 1.525(5) 
C(13)-C(14) 1.399(4) C(33)-H(33A) 0.99 
C(13)-C(18) 1.429(4) C(33)-H(33B) 0.99 
C(14)-C(15) 1.389(4) C(32A)-C(33A) 1.35(4) 
C(14)-H(14) 0.95 C(32A)-H(32C) 0.99 
C(15)-C(16) 1.375(4) C(32A)-H(32D) 0.99 
C(15)-H(15) 0.95 C(33A)-C(34) 1.45(2) 
C(16)-C(17) 1.380(4) C(33A)-H(33C) 0.99 
C(16)-H(16) 0.95 C(33A)-H(33D) 0.99 
C(17)-C(18) 1.391(4) C(34)-H(34A) 0.99 
C(17)-H(17) 0.95 C(34)-H(34B) 0.99 
C(18)-C(24) 1.453(4)   
    
N(1)-Hf(1)-O(1) 164.14(8) C(13)-C(18)-C(24) 107.8(2) 
N(1)-Hf(1)-C(12) 76.43(9) C(20)-C(19)-C(24) 119.2(2) 
O(1)-Hf(1)-C(12) 91.65(8) C(20)-C(19)-C(12) 130.5(2) 
N(1)-Hf(1)-Cl(2) 104.79(6) C(24)-C(19)-C(12) 110.3(2) 
O(1)-Hf(1)-Cl(2) 87.66(5) C(21)-C(20)-C(19) 119.4(3) 
C(12)-Hf(1)-Cl(2) 101.61(7) C(21)-C(20)-H(20) 120.3 
N(1)-Hf(1)-Cl(1) 95.24(6) C(19)-C(20)-H(20) 120.3 
O(1)-Hf(1)-Cl(1) 84.49(5) C(20)-C(21)-C(22) 120.8(3) 
C(12)-Hf(1)-Cl(1) 130.49(7) C(20)-C(21)-H(21) 119.6 
Cl(2)-Hf(1)-Cl(1) 127.39(3) C(22)-C(21)-H(21) 119.6 
N(1)-Hf(1)-C(13) 87.04(8) C(23)-C(22)-C(21) 120.8(3) 
O(1)-Hf(1)-C(13) 77.41(7) C(23)-C(22)-H(22) 119.6 
C(12)-Hf(1)-C(13) 32.42(8) C(21)-C(22)-H(22) 119.6 
Cl(2)-Hf(1)-C(13) 129.01(6) C(22)-C(23)-C(24) 119.1(3) 
Cl(1)-Hf(1)-C(13) 99.65(6) C(22)-C(23)-H(23) 120.5 
N(1)-Hf(1)-Si(1) 37.41(6) C(24)-C(23)-H(23) 120.5 
O(1)-Hf(1)-Si(1) 131.74(5) C(23)-C(24)-C(19) 120.7(3) 
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C(12)-Hf(1)-Si(1) 40.09(7) C(23)-C(24)-C(18) 130.9(3) 
Cl(2)-Hf(1)-Si(1) 99.99(2) C(19)-C(24)-C(18) 108.4(2) 
Cl(1)-Hf(1)-Si(1) 123.30(2) Si(1)-C(25)-H(25A) 109.5 
C(13)-Hf(1)-Si(1) 60.78(5) Si(1)-C(25)-H(25B) 109.5 
N(1)-Si(1)-C(25) 113.35(12) H(25A)-C(25)-H(25B) 109.5 
N(1)-Si(1)-C(26) 113.79(12) Si(1)-C(25)-H(25C) 109.5 
C(25)-Si(1)-C(26) 109.31(13) H(25A)-C(25)-H(25C) 109.5 
N(1)-Si(1)-C(12) 94.54(11) H(25B)-C(25)-H(25C) 109.5 
C(25)-Si(1)-C(12) 112.92(13) Si(1)-C(26)-H(26A) 109.5 
C(26)-Si(1)-C(12) 112.39(13) Si(1)-C(26)-H(26B) 109.5 
N(1)-Si(1)-Hf(1) 45.16(7) H(26A)-C(26)-H(26B) 109.5 
C(25)-Si(1)-Hf(1) 115.78(10) Si(1)-C(26)-H(26C) 109.5 
C(26)-Si(1)-Hf(1) 134.87(9) H(26A)-C(26)-H(26C) 109.5 
C(12)-Si(1)-Hf(1) 50.85(8) H(26B)-C(26)-H(26C) 109.5 
N(2)-C(1)-N(1) 120.7(2) C(28)-C(27)-B(1) 114.4(2) 
N(2)-C(1)-C(2) 118.7(2) C(28)-C(27)-H(27A) 108.7 
N(1)-C(1)-C(2) 120.6(2) B(1)-C(27)-H(27A) 108.7 
C(1)-N(1)-Si(1) 122.16(17) C(28)-C(27)-H(27B) 108.7 
C(1)-N(1)-Hf(1) 138.27(16) B(1)-C(27)-H(27B) 108.7 
Si(1)-N(1)-Hf(1) 97.42(10) H(27A)-C(27)-H(27B) 107.6 
C(7)-B(1)-C(27) 111.6(2) C(27)-C(28)-H(28A) 109.5 
C(7)-B(1)-C(29) 112.8(2) C(27)-C(28)-H(28B) 109.5 
C(27)-B(1)-C(29) 116.0(2) H(28A)-C(28)-H(28B) 109.5 
C(7)-B(1)-N(2) 96.99(19) C(27)-C(28)-H(28C) 109.5 
C(27)-B(1)-N(2) 111.7(2) H(28A)-C(28)-H(28C) 109.5 
C(29)-B(1)-N(2) 106.0(2) H(28B)-C(28)-H(28C) 109.5 
C(1)-N(2)-C(5) 120.0(2) C(30)-C(29)-B(1) 114.7(2) 
C(1)-N(2)-B(1) 129.1(2) C(30)-C(29)-H(29A) 108.6 
C(5)-N(2)-B(1) 110.7(2) B(1)-C(29)-H(29A) 108.6 
C(3)-C(2)-C(1) 120.9(2) C(30)-C(29)-H(29B) 108.6 
C(3)-C(2)-H(2) 119.5 B(1)-C(29)-H(29B) 108.6 
C(1)-C(2)-H(2) 119.5 H(29A)-C(29)-H(29B) 107.6 
C(4)-C(3)-C(2) 119.8(3) C(29)-C(30)-H(30A) 109.5 
C(4)-C(3)-H(3) 120.1 C(29)-C(30)-H(30B) 109.5 
C(2)-C(3)-H(3) 120.1 H(30A)-C(30)-H(30B) 109.5 
C(3)-C(4)-C(5) 118.5(2) C(29)-C(30)-H(30C) 109.5 
C(3)-C(4)-H(4) 120.8 H(30A)-C(30)-H(30C) 109.5 
C(5)-C(4)-H(4) 120.8 H(30B)-C(30)-H(30C) 109.5 
N(2)-C(5)-C(4) 122.0(2) C(31)-O(1)-C(34) 108.6(2) 
N(2)-C(5)-C(6) 110.5(2) C(31)-O(1)-Hf(1) 125.89(15) 
C(4)-C(5)-C(6) 127.5(2) C(34)-O(1)-Hf(1) 125.49(16) 
C(7)-C(6)-C(11) 122.8(3) C(32A)-C(31)-O(1) 100.9(11) 
C(7)-C(6)-C(5) 110.7(2) C(32A)-C(31)-C(32) 19.9(9) 
C(11)-C(6)-C(5) 126.6(2) O(1)-C(31)-C(32) 105.6(3) 
C(8)-C(7)-C(6) 117.1(2) C(32A)-C(31)-H(31A) 129.2 
C(8)-C(7)-B(1) 132.1(2) O(1)-C(31)-H(31A) 110.6 
C(6)-C(7)-B(1) 110.8(2) C(32)-C(31)-H(31A) 110.6 
C(9)-C(8)-C(7) 121.0(3) C(32A)-C(31)-H(31B) 95.2 
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C(9)-C(8)-H(8) 119.5 O(1)-C(31)-H(31B) 110.6 
C(7)-C(8)-H(8) 119.5 C(32)-C(31)-H(31B) 110.6 
C(10)-C(9)-C(8) 120.6(3) H(31A)-C(31)-H(31B) 108.8 
C(10)-C(9)-H(9) 119.7 C(31)-C(32)-C(33) 102.0(4) 
C(8)-C(9)-H(9) 119.7 C(31)-C(32)-H(32A) 111.4 
C(9)-C(10)-C(11) 120.1(3) C(33)-C(32)-H(32A) 111.4 
C(9)-C(10)-H(10) 119.9 C(31)-C(32)-H(32B) 111.4 
C(11)-C(10)-H(10) 119.9 C(33)-C(32)-H(32B) 111.4 
C(10)-C(11)-C(6) 118.4(3) H(32A)-C(32)-H(32B) 109.2 
C(10)-C(11)-H(11) 120.8 C(34)-C(33)-C(32) 100.9(4) 
C(6)-C(11)-H(11) 120.8 C(34)-C(33)-H(33A) 111.6 
C(19)-C(12)-C(13) 104.0(2) C(32)-C(33)-H(33A) 111.6 
C(19)-C(12)-Si(1) 129.28(19) C(34)-C(33)-H(33B) 111.6 
C(13)-C(12)-Si(1) 117.17(18) C(32)-C(33)-H(33B) 111.6 
C(19)-C(12)-Hf(1) 117.84(17) H(33A)-C(33)-H(33B) 109.4 
C(13)-C(12)-Hf(1) 93.46(15) C(33A)-C(32A)-C(31) 110(2) 
Si(1)-C(12)-Hf(1) 89.06(10) C(33A)-C(32A)-H(32C) 109.6 
C(14)-C(13)-C(18) 119.3(2) C(31)-C(32A)-H(32C) 109.6 
C(14)-C(13)-C(12) 131.1(2) C(33A)-C(32A)-H(32D) 109.6 
C(18)-C(13)-C(12) 109.6(2) C(31)-C(32A)-H(32D) 109.6 
C(14)-C(13)-Hf(1) 94.29(16) H(32C)-C(32A)-H(32D) 108.1 
C(18)-C(13)-Hf(1) 123.70(18) C(32A)-C(33A)-C(34) 107.8(19) 
C(12)-C(13)-Hf(1) 54.12(12) C(32A)-C(33A)-H(33C) 110.1 
C(15)-C(14)-C(13) 119.0(2) C(34)-C(33A)-H(33C) 110.1 
C(15)-C(14)-H(14) 120.5 C(32A)-C(33A)-H(33D) 110.1 
C(13)-C(14)-H(14) 120.5 C(34)-C(33A)-H(33D) 110.1 
C(16)-C(15)-C(14) 121.1(3) H(33C)-C(33A)-H(33D) 108.5 
C(16)-C(15)-H(15) 119.4 C(33A)-C(34)-O(1) 104.3(9) 
C(14)-C(15)-H(15) 119.4 C(33A)-C(34)-C(33) 22.0(8) 
C(15)-C(16)-C(17) 121.3(3) O(1)-C(34)-C(33) 104.0(3) 
C(15)-C(16)-H(16) 119.3 C(33A)-C(34)-H(34A) 128.8 
C(17)-C(16)-H(16) 119.3 O(1)-C(34)-H(34A) 111 
C(16)-C(17)-C(18) 119.1(3) C(33)-C(34)-H(34A) 111 
C(16)-C(17)-H(17) 120.4 C(33A)-C(34)-H(34B) 90.9 
C(18)-C(17)-H(17) 120.4 O(1)-C(34)-H(34B) 111 
C(17)-C(18)-C(13) 120.1(2) C(33)-C(34)-H(34B) 111 
C(17)-C(18)-C(24) 132.1(3) H(34A)-C(34)-H(34B) 109 
 
Table S4.4 Anisotropic displacement parameters (Å2×103) for Hf-1. The anisotropic 
displacement factor exponent takes the form: -2 pi2[h2 a*2 U11 + ... + 2 h k a* b* U12].    
 U11 U22 U33 U23 U13 U12 
Hf(1) 13(1) 19(1) 17(1) 7(1) 1(1) 4(1) 
Cl(1) 18(1) 30(1) 26(1) 9(1) 8(1) 8(1) 
Cl(2) 36(1) 19(1) 21(1) 5(1) -5(1) 4(1) 
Si(1) 13(1) 15(1) 19(1) 2(1) 1(1) 5(1) 
C(1) 13(1) 16(1) 19(1) 5(1) 0(1) 6(1) 
N(1) 13(1) 17(1) 15(1) 4(1) 0(1) 3(1) 
B(1) 19(1) 15(1) 14(1) 2(1) -2(1) 5(1) 
Chapter 4                                                                                                       Appendix 
 
203 
 
N(2) 14(1) 16(1) 15(1) 4(1) 0(1) 5(1) 
C(2) 21(1) 18(1) 19(1) 4(1) 1(1) 5(1) 
C(3) 24(1) 25(1) 16(1) 2(1) 1(1) 9(1) 
C(4) 24(1) 25(1) 16(1) 9(1) 3(1) 12(1) 
C(5) 16(1) 20(1) 17(1) 8(1) 2(1) 9(1) 
C(6) 19(1) 19(1) 18(1) 6(1) 2(1) 7(1) 
C(7) 18(1) 19(1) 18(1) 7(1) 4(1) 7(1) 
C(8) 22(1) 22(1) 19(1) 4(1) 1(1) 5(1) 
C(9) 23(1) 20(1) 32(2) 7(1) 2(1) 4(1) 
C(10) 27(1) 24(1) 31(2) 17(1) 7(1) 8(1) 
C(11) 28(1) 26(1) 19(1) 11(1) 4(1) 10(1) 
C(12) 15(1) 16(1) 16(1) 3(1) 3(1) 3(1) 
C(13) 14(1) 15(1) 19(1) 3(1) 0(1) 3(1) 
C(14) 19(1) 19(1) 19(1) 4(1) 1(1) 5(1) 
C(15) 30(2) 24(1) 17(1) 3(1) 6(1) 12(1) 
C(16) 32(2) 24(1) 23(2) 2(1) 3(1) 17(1) 
C(17) 27(1) 19(1) 27(2) 9(1) 0(1) 7(1) 
C(18) 16(1) 18(1) 21(1) 6(1) 2(1) 3(1) 
C(19) 14(1) 20(1) 20(1) 5(1) 2(1) 1(1) 
C(20) 24(1) 21(1) 24(2) 2(1) 6(1) 3(1) 
C(21) 31(2) 33(2) 22(2) 2(1) 11(1) 2(1) 
C(22) 36(2) 32(2) 22(2) 10(1) 10(1) -4(1) 
C(23) 28(2) 24(1) 25(2) 8(1) 5(1) -2(1) 
C(24) 16(1) 18(1) 22(1) 4(1) 3(1) 0(1) 
C(25) 21(1) 22(1) 32(2) 2(1) 3(1) 10(1) 
C(26) 17(1) 26(1) 26(2) 1(1) -3(1) 9(1) 
C(27) 22(1) 17(1) 16(1) 2(1) 5(1) 6(1) 
C(28) 28(1) 24(1) 29(2) 8(1) 10(1) 13(1) 
C(29) 21(1) 22(1) 16(1) 3(1) 1(1) 8(1) 
C(30) 29(2) 29(2) 29(2) 3(1) -6(1) 9(1) 
O(1) 23(1) 22(1) 16(1) 6(1) 3(1) 10(1) 
C(31) 30(2) 21(1) 17(1) 6(1) 2(1) 7(1) 
C(32) 30(3) 26(2) 26(2) 9(2) -2(2) 13(2) 
C(33) 33(3) 19(2) 21(2) 5(2) 1(2) 10(2) 
C(32A) 45(10) 35(9) 34(9) 16(6) -1(7) 13(7) 
C(33A) 41(9) 28(8) 49(9) 11(6) -2(7) 17(7) 
C(34) 35(2) 26(2) 26(2) 7(1) 6(1) 20(1) 
 
Table S4.5 Hydrogen coordinates (×104) and isotropic displacement parameters (Å2 
×103) for Hf-1.  
 x y z U(eq) 
H(2) 3481 7037 4732 24 
H(3) 2871 6292 5899 26 
H(4) 1534 4307 5651 24 
H(8) -1265 925 2166 26 
H(9) -1920 -373 2997 31 
H(10) -1179 258 4485 31 
H(11) 209 2225 5163 28 
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H(14) 3415 8392 3961 23 
H(15) 3322 10300 4541 28 
H(16) 4188 11686 3815 30 
H(17) 5165 11225 2481 29 
H(20) 5478 6274 778 29 
H(21) 6410 7031 -352 38 
H(22) 6651 8965 -279 39 
H(23) 6012 10189 932 33 
H(25A) 5896 4889 2597 38 
H(25B) 6748 5782 2080 38 
H(25C) 4983 4934 1742 38 
H(26A) 5876 7957 4272 36 
H(26B) 7332 7618 3812 36 
H(26C) 6233 6774 4296 36 
H(27A) 1225 2512 1525 22 
H(27B) 2346 3829 1866 22 
H(28A) 3766 3304 2887 38 
H(28B) 3839 2559 1920 38 
H(28C) 2658 1983 2525 38 
H(29A) -1320 4168 2932 24 
H(29B) -214 4634 2256 24 
H(30A) -1377 2812 1194 45 
H(30B) -2673 3463 1520 45 
H(30C) -2536 2403 1871 45 
H(31A) 815 6851 199 27 
H(31B) 2576 7760 434 27 
H(32A) -344 8278 195 31 
H(32B) 1356 8867 -95 31 
H(33A) 2378 9971 1349 29 
H(33B) 592 10073 1294 29 
H(32C) 2489 9317 580 44 
H(32D) 867 8710 -56 44 
H(33C) -553 9011 934 46 
H(33D) 1006 10100 1328 46 
H(34A) 1344 9214 2458 32 
H(34B) -371 8556 1904 32 
 
Table S4.6 Torsion angles [º] for Hf-1.  
O(1)-Hf(1)-Si(1)-N(1) 162.84(11) Cl(2)-Hf(1)-C(12)-C(13) 151.07(14) 
C(12)-Hf(1)-Si(1)-N(1) 162.46(14) Cl(1)-Hf(1)-C(12)-C(13) -21.03(19) 
Cl(2)-Hf(1)-Si(1)-N(1) -101.34(10) Si(1)-Hf(1)-C(12)-C(13) -117.16(18) 
Cl(1)-Hf(1)-Si(1)-N(1) 47.25(10) N(1)-Hf(1)-C(12)-Si(1) 10.86(9) 
C(13)-Hf(1)-Si(1)-N(1) 129.33(12) O(1)-Hf(1)-C(12)-Si(1) -179.72(9) 
N(1)-Hf(1)-Si(1)-C(25) 98.07(15) Cl(2)-Hf(1)-C(12)-Si(1) -91.77(8) 
O(1)-Hf(1)-Si(1)-C(25) -99.09(13) Cl(1)-Hf(1)-C(12)-Si(1) 96.13(9) 
C(12)-Hf(1)-Si(1)-C(25) -99.47(15) C(13)-Hf(1)-C(12)-Si(1) 117.16(18) 
Cl(2)-Hf(1)-Si(1)-C(25) -3.26(11) C(19)-C(12)-C(13)-C(14) 179.2(3) 
Cl(1)-Hf(1)-Si(1)-C(25) 145.32(11) Si(1)-C(12)-C(13)-C(14) -31.3(4) 
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C(13)-Hf(1)-Si(1)-C(25) -132.60(13) Hf(1)-C(12)-C(13)-C(14) 59.4(3) 
N(1)-Hf(1)-Si(1)-C(26) -79.21(17) C(19)-C(12)-C(13)-C(18) 1.8(3) 
O(1)-Hf(1)-Si(1)-C(26) 83.63(16) Si(1)-C(12)-C(13)-C(18) 151.26(19) 
C(12)-Hf(1)-Si(1)-C(26) 83.25(17) Hf(1)-C(12)-C(13)-C(18) -118.02(19) 
Cl(2)-Hf(1)-Si(1)-C(26) 179.46(14) C(19)-C(12)-C(13)-Hf(1) 119.8(2) 
Cl(1)-Hf(1)-Si(1)-C(26) -31.96(15) Si(1)-C(12)-C(13)-Hf(1) -90.72(16) 
C(13)-Hf(1)-Si(1)-C(26) 50.12(15) N(1)-Hf(1)-C(13)-C(14) -70.34(16) 
N(1)-Hf(1)-Si(1)-C(12) -162.46(14) O(1)-Hf(1)-C(13)-C(14) 106.56(16) 
O(1)-Hf(1)-Si(1)-C(12) 0.38(12) C(12)-Hf(1)-C(13)-C(14) -139.4(2) 
Cl(2)-Hf(1)-Si(1)-C(12) 96.20(10) Cl(2)-Hf(1)-C(13)-C(14) -177.02(13) 
Cl(1)-Hf(1)-Si(1)-C(12) -115.21(10) Cl(1)-Hf(1)-C(13)-C(14) 24.48(16) 
C(13)-Hf(1)-Si(1)-C(12) -33.13(12) Si(1)-Hf(1)-C(13)-C(14) -98.41(16) 
N(2)-C(1)-N(1)-Si(1) -118.8(2) N(1)-Hf(1)-C(13)-C(18) 159.9(2) 
C(2)-C(1)-N(1)-Si(1) 60.4(3) O(1)-Hf(1)-C(13)-C(18) -23.2(2) 
N(2)-C(1)-N(1)-Hf(1) 82.1(3) C(12)-Hf(1)-C(13)-C(18) 90.8(3) 
C(2)-C(1)-N(1)-Hf(1) -98.7(3) Cl(2)-Hf(1)-C(13)-C(18) 53.2(2) 
C(25)-Si(1)-N(1)-C(1) 90.0(2) Cl(1)-Hf(1)-C(13)-C(18) -105.3(2) 
C(26)-Si(1)-N(1)-C(1) -35.7(2) Si(1)-Hf(1)-C(13)-C(18) 131.8(2) 
C(12)-Si(1)-N(1)-C(1) -152.6(2) N(1)-Hf(1)-C(13)-C(12) 69.11(16) 
Hf(1)-Si(1)-N(1)-C(1) -166.1(2) O(1)-Hf(1)-C(13)-C(12) -114.00(16) 
C(25)-Si(1)-N(1)-Hf(1) -103.81(13) Cl(2)-Hf(1)-C(13)-C(12) -37.58(17) 
C(26)-Si(1)-N(1)-Hf(1) 130.47(12) Cl(1)-Hf(1)-C(13)-C(12) 163.93(15) 
C(12)-Si(1)-N(1)-Hf(1) 13.56(11) Si(1)-Hf(1)-C(13)-C(12) 41.04(14) 
O(1)-Hf(1)-N(1)-C(1) 108.6(3) C(18)-C(13)-C(14)-C(15) -1.3(4) 
C(12)-Hf(1)-N(1)-C(1) 150.7(3) C(12)-C(13)-C(14)-C(15) -178.5(3) 
Cl(2)-Hf(1)-N(1)-C(1) -110.6(2) Hf(1)-C(13)-C(14)-C(15) -134.1(2) 
Cl(1)-Hf(1)-N(1)-C(1) 20.3(3) C(13)-C(14)-C(15)-C(16) -0.1(4) 
C(13)-Hf(1)-N(1)-C(1) 119.7(3) C(14)-C(15)-C(16)-C(17) 0.4(5) 
Si(1)-Hf(1)-N(1)-C(1) 162.3(3) C(15)-C(16)-C(17)-C(18) 0.6(4) 
O(1)-Hf(1)-N(1)-Si(1) -53.7(3) C(16)-C(17)-C(18)-C(13) -2.0(4) 
C(12)-Hf(1)-N(1)-Si(1) -11.52(9) C(16)-C(17)-C(18)-C(24) 179.6(3) 
Cl(2)-Hf(1)-N(1)-Si(1) 87.13(8) C(14)-C(13)-C(18)-C(17) 2.4(4) 
Cl(1)-Hf(1)-N(1)-Si(1) -141.96(8) C(12)-C(13)-C(18)-C(17) -179.9(2) 
C(13)-Hf(1)-N(1)-Si(1) -42.53(9) Hf(1)-C(13)-C(18)-C(17) 120.9(2) 
N(1)-C(1)-N(2)-C(5) 175.0(2) C(14)-C(13)-C(18)-C(24) -178.9(2) 
C(2)-C(1)-N(2)-C(5) -4.2(3) C(12)-C(13)-C(18)-C(24) -1.1(3) 
N(1)-C(1)-N(2)-B(1) -11.9(4) Hf(1)-C(13)-C(18)-C(24) -60.4(3) 
C(2)-C(1)-N(2)-B(1) 169.0(2) C(13)-C(12)-C(19)-C(20) -178.9(3) 
C(7)-B(1)-N(2)-C(1) -179.2(2) Si(1)-C(12)-C(19)-C(20) 36.9(4) 
C(27)-B(1)-N(2)-C(1) 64.2(3) Hf(1)-C(12)-C(19)-C(20) -77.2(3) 
C(29)-B(1)-N(2)-C(1) -63.0(3) C(13)-C(12)-C(19)-C(24) -1.9(3) 
C(7)-B(1)-N(2)-C(5) -5.5(2) Si(1)-C(12)-C(19)-C(24) -146.1(2) 
C(27)-B(1)-N(2)-C(5) -122.1(2) Hf(1)-C(12)-C(19)-C(24) 99.8(2) 
C(29)-B(1)-N(2)-C(5) 110.7(2) C(24)-C(19)-C(20)-C(21) -0.1(4) 
N(2)-C(1)-C(2)-C(3) 2.9(4) C(12)-C(19)-C(20)-C(21) 176.7(3) 
N(1)-C(1)-C(2)-C(3) -176.3(2) C(19)-C(20)-C(21)-C(22) -0.6(5) 
C(1)-C(2)-C(3)-C(4) 0.6(4) C(20)-C(21)-C(22)-C(23) 0.6(5) 
C(2)-C(3)-C(4)-C(5) -2.8(4) C(21)-C(22)-C(23)-C(24) 0.0(5) 
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C(1)-N(2)-C(5)-C(4) 2.1(4) C(22)-C(23)-C(24)-C(19) -0.7(4) 
B(1)-N(2)-C(5)-C(4) -172.2(2) C(22)-C(23)-C(24)-C(18) -178.0(3) 
C(1)-N(2)-C(5)-C(6) -178.8(2) C(20)-C(19)-C(24)-C(23) 0.8(4) 
B(1)-N(2)-C(5)-C(6) 6.9(3) C(12)-C(19)-C(24)-C(23) -176.6(3) 
C(3)-C(4)-C(5)-N(2) 1.4(4) C(20)-C(19)-C(24)-C(18) 178.6(2) 
C(3)-C(4)-C(5)-C(6) -177.6(2) C(12)-C(19)-C(24)-C(18) 1.3(3) 
N(2)-C(5)-C(6)-C(7) -5.4(3) C(17)-C(18)-C(24)-C(23) -3.9(5) 
C(4)-C(5)-C(6)-C(7) 173.7(3) C(13)-C(18)-C(24)-C(23) 177.5(3) 
N(2)-C(5)-C(6)-C(11) 173.3(3) C(17)-C(18)-C(24)-C(19) 178.5(3) 
C(4)-C(5)-C(6)-C(11) -7.6(4) C(13)-C(18)-C(24)-C(19) -0.1(3) 
C(11)-C(6)-C(7)-C(8) 0.2(4) C(7)-B(1)-C(27)-C(28) -51.6(3) 
C(5)-C(6)-C(7)-C(8) 179.0(2) C(29)-B(1)-C(27)-C(28) 177.3(2) 
C(11)-C(6)-C(7)-B(1) -177.3(2) N(2)-B(1)-C(27)-C(28) 55.8(3) 
C(5)-C(6)-C(7)-B(1) 1.4(3) C(7)-B(1)-C(29)-C(30) -65.2(3) 
C(27)-B(1)-C(7)-C(8) -58.1(4) C(27)-B(1)-C(29)-C(30) 65.3(3) 
C(29)-B(1)-C(7)-C(8) 74.6(4) N(2)-B(1)-C(29)-C(30) -170.1(2) 
N(2)-B(1)-C(7)-C(8) -174.8(3) N(1)-Hf(1)-O(1)-C(31) 120.4(3) 
C(27)-B(1)-C(7)-C(6) 118.9(2) C(12)-Hf(1)-O(1)-C(31) 79.6(2) 
C(29)-B(1)-C(7)-C(6) -108.4(3) Cl(2)-Hf(1)-O(1)-C(31) -21.91(18) 
N(2)-B(1)-C(7)-C(6) 2.2(3) Cl(1)-Hf(1)-O(1)-C(31) -149.82(19) 
C(6)-C(7)-C(8)-C(9) -1.1(4) C(13)-Hf(1)-O(1)-C(31) 108.99(19) 
B(1)-C(7)-C(8)-C(9) 175.8(3) Si(1)-Hf(1)-O(1)-C(31) 79.4(2) 
C(7)-C(8)-C(9)-C(10) 0.8(4) N(1)-Hf(1)-O(1)-C(34) -57.7(4) 
C(8)-C(9)-C(10)-C(11) 0.5(4) C(12)-Hf(1)-O(1)-C(34) -98.5(2) 
C(9)-C(10)-C(11)-C(6) -1.4(4) Cl(2)-Hf(1)-O(1)-C(34) 160.0(2) 
C(7)-C(6)-C(11)-C(10) 1.0(4) Cl(1)-Hf(1)-O(1)-C(34) 32.1(2) 
C(5)-C(6)-C(11)-C(10) -177.6(3) C(13)-Hf(1)-O(1)-C(34) -69.1(2) 
N(1)-Si(1)-C(12)-C(19) -138.5(2) Si(1)-Hf(1)-O(1)-C(34) -98.7(2) 
C(25)-Si(1)-C(12)-C(19) -20.8(3) C(34)-O(1)-C(31)-C(32A) 14.4(10) 
C(26)-Si(1)-C(12)-C(19) 103.4(2) Hf(1)-O(1)-C(31)-C(32A) -163.9(10) 
Hf(1)-Si(1)-C(12)-C(19) -126.2(3) C(34)-O(1)-C(31)-C(32) -5.4(3) 
N(1)-Si(1)-C(12)-C(13) 81.03(19) Hf(1)-O(1)-C(31)-C(32) 176.2(2) 
C(25)-Si(1)-C(12)-C(13) -161.25(18) C(32A)-C(31)-C(32)-C(33) -49(3) 
C(26)-Si(1)-C(12)-C(13) -37.0(2) O(1)-C(31)-C(32)-C(33) 29.7(4) 
Hf(1)-Si(1)-C(12)-C(13) 93.41(19) C(31)-C(32)-C(33)-C(34) -42.2(4) 
N(1)-Si(1)-C(12)-Hf(1) -12.38(10) O(1)-C(31)-C(32A)-C(33A) -27(2) 
C(25)-Si(1)-C(12)-Hf(1) 105.34(12) C(32)-C(31)-C(32A)-C(33A) 79(4) 
C(26)-Si(1)-C(12)-Hf(1) -130.43(11) C(31)-C(32A)-C(33A)-C(34) 29(2) 
N(1)-Hf(1)-C(12)-C(19) 145.9(2) C(32A)-C(33A)-C(34)-O(1) -18(2) 
O(1)-Hf(1)-C(12)-C(19) -44.70(19) C(32A)-C(33A)-C(34)-C(33) 74(3) 
Cl(2)-Hf(1)-C(12)-C(19) 43.25(19) C(31)-O(1)-C(34)-C(33A) 1.1(10) 
Cl(1)-Hf(1)-C(12)-C(19) -128.85(17) Hf(1)-O(1)-C(34)-C(33A) 179.5(10) 
C(13)-Hf(1)-C(12)-C(19) -107.8(3) C(31)-O(1)-C(34)-C(33) -21.7(3) 
Si(1)-Hf(1)-C(12)-C(19) 135.0(2) Hf(1)-O(1)-C(34)-C(33) 156.7(2) 
N(1)-Hf(1)-C(12)-C(13) -106.31(16) C(32)-C(33)-C(34)-C(33A) -54(3) 
O(1)-Hf(1)-C(12)-C(13) 63.12(15) C(32)-C(33)-C(34)-O(1) 39.3(4) 
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Figure S101. Single-crystal X-ray analysis data of compound Zr-2. 
 
Table S5.1 Crystal data and structure refinement for Zr-2. 
Empirical formula C40H47BCl2N2SiZr 
Formula weight 756.82 
Temperature 110(2) K 
Wavelength 0.71073 Å 
Crystal system, space group Triclinic,  P1  
Unit cell dimensions a =  9.9361(7) Å α = 84.293(3)º  
 b = 12.4723(8) Å β = 73.108(3)º  
 c = 15.9000(11) Å γ = 83.935(3)º  
Volume 1870.0(2) Å3 
Z, Calculated density 2,  1.344 mg/m3 
Absorption coefficient 0.500 mm-1 
F(000) 788 
Crystal size 0.45 x 0.36 x 0.32 mm 
Theta range for data collection 2.05 to 30.66º 
Limiting indices -14<=h<=14, -17<=k<=17, -22<=l<=22 
Reflections collected / unique 79591 / 11477 [R(int) = 0.0198] 
Completeness to theta = 30.66 99.30% 
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.7461 and 0.7149 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 11477 / 0 / 436 
Goodness-of-fit on F2 1.052 
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Final R indices [I>2(I)] R1 = 0.0253, wR2 = 0.0659 
R indices (all data) R1 = 0.0304, wR2 = 0.0685 
Largest diff. peak and hole 0.484 and -0.309 e.Å-3 
 
Table S5.2 Atomic coordinates (×104) and equivalent isotropic displacement 
parameters (Å2×103) for Zr-2. U(eq) is defined as one third of the trace of the 
orthogonalized Uij tensor.  
 x y z U(eq) 
Zr(1) 4418(1) 7901(1) 3455(1) 15(1) 
Si(1) 2633(1) 6075(1) 3239(1) 17(1) 
Cl(1) 4098(1) 9596(1) 4106(1) 29(1) 
Cl(2) 6793(1) 7662(1) 2484(1) 24(1) 
C(1) 3124(1) 8081(1) 2111(1) 16(1) 
B(1) 2412(1) 12091(1) 1526(1) 15(1) 
N(1) 3016(1) 7373(1) 2840(1) 19(1) 
N(2) 3810(1) 8943(1) 2173(1) 15(1) 
C(2) 2646(1) 7960(1) 1384(1) 19(1) 
C(3) 2878(1) 8766(1) 708(1) 19(1) 
C(4) 3517(1) 9680(1) 787(1) 17(1) 
C(5) 3957(1) 9756(1) 1533(1) 14(1) 
C(6) 4629(1) 10732(1) 1626(1) 14(1) 
C(7) 4022(1) 11789(1) 1469(1) 15(1) 
C(8) 4810(1) 12656(1) 1486(1) 17(1) 
C(9) 6071(1) 12506(1) 1710(1) 19(1) 
C(10) 6605(1) 11467(1) 1905(1) 20(1) 
C(11) 5902(1) 10586(1) 1842(1) 18(1) 
C(12) 3501(1) 6169(1) 4128(1) 16(1) 
C(13) 2954(1) 6958(1) 4778(1) 18(1) 
C(14) 4074(2) 7232(1) 5079(1) 22(1) 
C(15) 5325(1) 6654(1) 4608(1) 22(1) 
C(16) 4980(1) 5987(1) 4040(1) 19(1) 
C(17) 1444(2) 7412(1) 5095(1) 28(1) 
C(18) 3950(2) 7926(1) 5821(1) 34(1) 
C(19) 6754(2) 6649(1) 4751(1) 34(1) 
C(20) 6015(1) 5178(1) 3501(1) 28(1) 
C(21) 3493(2) 5061(1) 2432(1) 30(1) 
C(22) 722(2) 5849(1) 3631(1) 33(1) 
C(23) 1351(1) 11299(1) 2145(1) 15(1) 
C(24) 463(1) 10742(1) 1826(1) 17(1) 
C(25) -388(1) 9990(1) 2385(1) 19(1) 
C(26) -421(1) 9801(1) 3269(1) 20(1) 
C(27) 431(1) 10376(1) 3585(1) 19(1) 
C(28) 1315(1) 11117(1) 3042(1) 16(1) 
C(29) 394(1) 10946(1) 885(1) 22(1) 
C(30)        -1374(2) 9006(1) 3864(1) 29(1) 
C(31) 2159(1) 11755(1) 3440(1) 20(1) 
C(32) 1913(1) 13215(1) 1120(1) 16(1) 
C(33) 720(1) 13857(1) 1607(1) 18(1) 
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C(34) 427(1) 14918(1) 1294(1) 20(1) 
C(35) 1227(1) 15373(1) 499(1) 21(1) 
C(36) 2334(1) 14731(1) -3(1) 23(1) 
C(37) 2687(1) 13673(1) 289(1) 20(1) 
C(38) -293(1) 13463(1) 2462(1) 26(1) 
C(39) 849(2) 16508(1) 177(1) 27(1) 
C(40) 3870(2) 13044(1) -342(1) 30(1) 
 
Table S5.3 Bond lengths [Å] and angles [º] for Zr-2.  
Zr(1)-N(1) 2.1085(10) C(18)-H(18C) 0.98 
Zr(1)-Cl(1) 2.3960(3) C(19)-H(19A) 0.98 
Zr(1)-Cl(2) 2.4219(4) C(19)-H(19B) 0.98 
Zr(1)-C(13) 2.4526(11) C(19)-H(19C) 0.98 
Zr(1)-C(12) 2.4560(11) C(20)-H(20A) 0.98 
Zr(1)-N(2) 2.4961(9) C(20)-H(20B) 0.98 
Zr(1)-C(16) 2.5407(11) C(20)-H(20C) 0.98 
Zr(1)-C(14) 2.5692(12) C(21)-H(21A) 0.98 
Zr(1)-C(15) 2.5866(12) C(21)-H(21B) 0.98 
Zr(1)-C(1) 2.7765(11) C(21)-H(21C) 0.98 
Zr(1)-Si(1) 3.1332(4) C(22)-H(22A) 0.98 
Si(1)-N(1) 1.7187(10) C(22)-H(22B) 0.98 
Si(1)-C(21) 1.8529(14) C(22)-H(22C) 0.98 
Si(1)-C(22) 1.8618(15) C(23)-C(24) 1.4064(16) 
Si(1)-C(12) 1.8757(12) C(23)-C(28) 1.4122(15) 
C(1)-N(2) 1.3583(14) C(24)-C(25) 1.3956(16) 
C(1)-N(1) 1.3703(14) C(24)-C(29) 1.5124(16) 
C(1)-C(2) 1.3974(16) C(25)-C(26) 1.3930(17) 
B(1)-C(23) 1.5747(17) C(25)-H(25) 0.95 
B(1)-C(32) 1.5769(16) C(26)-C(27) 1.3886(17) 
B(1)-C(7) 1.5822(16) C(26)-C(30) 1.5060(17) 
N(2)-C(5) 1.3509(13) C(27)-C(28) 1.3938(16) 
C(2)-C(3) 1.3815(16) C(27)-H(27) 0.95 
C(2)-H(2) 0.95 C(28)-C(31) 1.5126(16) 
C(3)-C(4) 1.3941(16) C(29)-H(29A) 0.98 
C(3)-H(3) 0.95 C(29)-H(29B) 0.98 
C(4)-C(5) 1.3917(15) C(29)-H(29C) 0.98 
C(4)-H(4) 0.95 C(30)-H(30A) 0.98 
C(5)-C(6) 1.4886(15) C(30)-H(30B) 0.98 
C(6)-C(11) 1.3935(15) C(30)-H(30C) 0.98 
C(6)-C(7) 1.4212(14) C(31)-H(31A) 0.98 
C(7)-C(8) 1.4072(15) C(31)-H(31B) 0.98 
C(8)-C(9) 1.3880(16) C(31)-H(31C) 0.98 
C(8)-H(8) 0.95 C(32)-C(37) 1.4197(16) 
C(9)-C(10) 1.3879(16) C(32)-C(33) 1.4264(16) 
C(9)-H(9) 0.95 C(33)-C(34) 1.3986(15) 
C(10)-C(11) 1.3904(16) C(33)-C(38) 1.5098(17) 
C(10)-H(10) 0.95 C(34)-C(35) 1.3869(18) 
C(11)-H(11) 0.95 C(34)-H(34) 0.95 
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C(12)-C(16) 1.4306(16) C(35)-C(36) 1.3857(18) 
C(12)-C(13) 1.4464(16) C(35)-C(39) 1.5033(16) 
C(13)-C(14) 1.4166(17) C(36)-C(37) 1.3981(16) 
C(13)-C(17) 1.5048(18) C(36)-H(36) 0.95 
C(14)-C(15) 1.4153(19) C(37)-C(40) 1.5093(18) 
C(14)-C(18) 1.5009(18) C(38)-H(38A) 0.98 
C(15)-C(16) 1.4204(18) C(38)-H(38B) 0.98 
C(15)-C(19) 1.5004(18) C(38)-H(38C) 0.98 
C(16)-C(20) 1.5006(17) C(39)-H(39A) 0.98 
C(17)-H(17A) 0.98 C(39)-H(39B) 0.98 
C(17)-H(17B) 0.98 C(39)-H(39C) 0.98 
C(17)-H(17C) 0.98 C(40)-H(40A) 0.98 
C(18)-H(18A) 0.98 C(40)-H(40B) 0.98 
C(18)-H(18B) 0.98 C(40)-H(40C) 0.98 
    
N(1)-Zr(1)-Cl(1) 124.37(3) C(13)-C(14)-C(18) 126.58(13) 
N(1)-Zr(1)-Cl(2) 108.44(3) C(15)-C(14)-Zr(1) 74.74(7) 
Cl(1)-Zr(1)-Cl(2) 109.597(13) C(13)-C(14)-Zr(1) 69.14(6) 
N(1)-Zr(1)-C(13) 83.79(4) C(18)-C(14)-Zr(1) 125.84(8) 
Cl(1)-Zr(1)-C(13) 94.35(3) C(14)-C(15)-C(16) 108.57(11) 
Cl(2)-Zr(1)-C(13) 137.27(3) C(14)-C(15)-C(19) 126.01(13) 
N(1)-Zr(1)-C(12) 67.35(4) C(16)-C(15)-C(19) 125.10(13) 
Cl(1)-Zr(1)-C(12) 128.59(3) C(14)-C(15)-Zr(1) 73.39(7) 
Cl(2)-Zr(1)-C(12) 111.96(3) C(16)-C(15)-Zr(1) 72.15(6) 
C(13)-Zr(1)-C(12) 34.28(4) C(19)-C(15)-Zr(1) 125.48(8) 
N(1)-Zr(1)-N(2) 57.42(3) C(15)-C(16)-C(12) 108.64(11) 
Cl(1)-Zr(1)-N(2) 86.51(2) C(15)-C(16)-C(20) 123.77(11) 
Cl(2)-Zr(1)-N(2) 86.10(2) C(12)-C(16)-C(20) 127.45(11) 
C(13)-Zr(1)-N(2) 131.51(4) C(15)-C(16)-Zr(1) 75.70(6) 
C(12)-Zr(1)-N(2) 124.76(3) C(12)-C(16)-Zr(1) 70.14(6) 
N(1)-Zr(1)-C(16) 91.75(4) C(20)-C(16)-Zr(1) 123.73(8) 
Cl(1)-Zr(1)-C(16) 131.41(3) C(13)-C(17)-H(17A) 109.5 
Cl(2)-Zr(1)-C(16) 83.40(3) C(13)-C(17)-H(17B) 109.5 
C(13)-Zr(1)-C(16) 54.82(4) H(17A)-C(17)-H(17B) 109.5 
C(12)-Zr(1)-C(16) 33.22(4) C(13)-C(17)-H(17C) 109.5 
N(2)-Zr(1)-C(16) 141.96(4) H(17A)-C(17)-H(17C) 109.5 
N(1)-Zr(1)-C(14) 116.14(4) H(17B)-C(17)-H(17C) 109.5 
Cl(1)-Zr(1)-C(14) 79.89(3) C(14)-C(18)-H(18A) 109.5 
Cl(2)-Zr(1)-C(14) 116.41(3) C(14)-C(18)-H(18B) 109.5 
C(13)-Zr(1)-C(14) 32.67(4) H(18A)-C(18)-H(18B) 109.5 
C(12)-Zr(1)-C(14) 55.16(4) C(14)-C(18)-H(18C) 109.5 
N(2)-Zr(1)-C(14) 156.54(4) H(18A)-C(18)-H(18C) 109.5 
C(16)-Zr(1)-C(14) 53.56(4) H(18B)-C(18)-H(18C) 109.5 
N(1)-Zr(1)-C(15) 121.19(4) C(15)-C(19)-H(19A) 109.5 
Cl(1)-Zr(1)-C(15) 100.21(3) C(15)-C(19)-H(19B) 109.5 
Cl(2)-Zr(1)-C(15) 86.52(3) H(19A)-C(19)-H(19B) 109.5 
C(13)-Zr(1)-C(15) 53.91(4) C(15)-C(19)-H(19C) 109.5 
C(12)-Zr(1)-C(15) 54.60(4) H(19A)-C(19)-H(19C) 109.5 
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N(2)-Zr(1)-C(15) 171.36(4) H(19B)-C(19)-H(19C) 109.5 
C(16)-Zr(1)-C(15) 32.15(4) C(16)-C(20)-H(20A) 109.5 
C(14)-Zr(1)-C(15) 31.86(4) C(16)-C(20)-H(20B) 109.5 
N(1)-Zr(1)-C(1) 28.63(3) H(20A)-C(20)-H(20B) 109.5 
Cl(1)-Zr(1)-C(1) 109.65(2) C(16)-C(20)-H(20C) 109.5 
Cl(2)-Zr(1)-C(1) 94.81(3) H(20A)-C(20)-H(20C) 109.5 
C(13)-Zr(1)-C(1) 110.14(4) H(20B)-C(20)-H(20C) 109.5 
C(12)-Zr(1)-C(1) 95.70(4) Si(1)-C(21)-H(21A) 109.5 
N(2)-Zr(1)-C(1) 29.24(3) Si(1)-C(21)-H(21B) 109.5 
C(16)-Zr(1)-C(1) 115.77(4) H(21A)-C(21)-H(21B) 109.5 
C(14)-Zr(1)-C(1) 142.71(4) Si(1)-C(21)-H(21C) 109.5 
C(15)-Zr(1)-C(1) 147.62(4) H(21A)-C(21)-H(21C) 109.5 
N(1)-Zr(1)-Si(1) 31.14(3) H(21B)-C(21)-H(21C) 109.5 
Cl(1)-Zr(1)-Si(1) 139.795(13) Si(1)-C(22)-H(22A) 109.5 
Cl(2)-Zr(1)-Si(1) 109.756(11) Si(1)-C(22)-H(22B) 109.5 
C(13)-Zr(1)-Si(1) 60.92(3) H(22A)-C(22)-H(22B) 109.5 
C(12)-Zr(1)-Si(1) 36.76(3) Si(1)-C(22)-H(22C) 109.5 
N(2)-Zr(1)-Si(1) 88.22(2) H(22A)-C(22)-H(22C) 109.5 
C(16)-Zr(1)-Si(1) 61.66(3) H(22B)-C(22)-H(22C) 109.5 
C(14)-Zr(1)-Si(1) 89.94(3) C(24)-C(23)-C(28) 118.77(10) 
C(15)-Zr(1)-Si(1) 90.05(3) C(24)-C(23)-B(1) 121.99(10) 
C(1)-Zr(1)-Si(1) 59.02(2) C(28)-C(23)-B(1) 119.21(10) 
N(1)-Si(1)-C(21) 112.90(6) C(25)-C(24)-C(23) 119.91(10) 
N(1)-Si(1)-C(22) 115.42(6) C(25)-C(24)-C(29) 118.74(11) 
C(21)-Si(1)-C(22) 107.16(7) C(23)-C(24)-C(29) 121.35(10) 
N(1)-Si(1)-C(12) 90.15(5) C(26)-C(25)-C(24) 121.53(11) 
C(21)-Si(1)-C(12) 115.48(6) C(26)-C(25)-H(25) 119.2 
C(22)-Si(1)-C(12) 115.33(6) C(24)-C(25)-H(25) 119.2 
N(1)-Si(1)-Zr(1) 39.38(3) C(27)-C(26)-C(25) 118.22(11) 
C(21)-Si(1)-Zr(1) 118.26(5) C(27)-C(26)-C(30) 121.26(11) 
C(22)-Si(1)-Zr(1) 133.87(5) C(25)-C(26)-C(30) 120.51(12) 
C(12)-Si(1)-Zr(1) 51.59(3) C(26)-C(27)-C(28) 121.83(11) 
N(2)-C(1)-N(1) 110.20(10) C(26)-C(27)-H(27) 119.1 
N(2)-C(1)-C(2) 122.89(10) C(28)-C(27)-H(27) 119.1 
N(1)-C(1)-C(2) 126.90(10) C(27)-C(28)-C(23) 119.69(11) 
N(2)-C(1)-Zr(1) 63.86(6) C(27)-C(28)-C(31) 118.97(10) 
N(1)-C(1)-Zr(1) 47.50(5) C(23)-C(28)-C(31) 121.25(10) 
C(2)-C(1)-Zr(1) 167.55(8) C(24)-C(29)-H(29A) 109.5 
C(23)-B(1)-C(32) 122.79(10) C(24)-C(29)-H(29B) 109.5 
C(23)-B(1)-C(7) 115.49(9) H(29A)-C(29)-H(29B) 109.5 
C(32)-B(1)-C(7) 120.88(10) C(24)-C(29)-H(29C) 109.5 
C(1)-N(1)-Si(1) 142.52(9) H(29A)-C(29)-H(29C) 109.5 
C(1)-N(1)-Zr(1) 103.87(7) H(29B)-C(29)-H(29C) 109.5 
Si(1)-N(1)-Zr(1) 109.48(5) C(26)-C(30)-H(30A) 109.5 
C(5)-N(2)-C(1) 118.75(10) C(26)-C(30)-H(30B) 109.5 
C(5)-N(2)-Zr(1) 153.37(8) H(30A)-C(30)-H(30B) 109.5 
C(1)-N(2)-Zr(1) 86.90(6) C(26)-C(30)-H(30C) 109.5 
C(3)-C(2)-C(1) 117.76(11) H(30A)-C(30)-H(30C) 109.5 
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C(3)-C(2)-H(2) 121.1 H(30B)-C(30)-H(30C) 109.5 
C(1)-C(2)-H(2) 121.1 C(28)-C(31)-H(31A) 109.5 
C(2)-C(3)-C(4) 119.64(11) C(28)-C(31)-H(31B) 109.5 
C(2)-C(3)-H(3) 120.2 H(31A)-C(31)-H(31B) 109.5 
C(4)-C(3)-H(3) 120.2 C(28)-C(31)-H(31C) 109.5 
C(5)-C(4)-C(3) 119.75(10) H(31A)-C(31)-H(31C) 109.5 
C(5)-C(4)-H(4) 120.1 H(31B)-C(31)-H(31C) 109.5 
C(3)-C(4)-H(4) 120.1 C(37)-C(32)-C(33) 116.94(10) 
N(2)-C(5)-C(4) 120.99(10) C(37)-C(32)-B(1) 121.86(10) 
N(2)-C(5)-C(6) 118.88(10) C(33)-C(32)-B(1) 121.02(10) 
C(4)-C(5)-C(6) 120.12(10) C(34)-C(33)-C(32) 119.99(11) 
C(11)-C(6)-C(7) 120.44(10) C(34)-C(33)-C(38) 115.98(11) 
C(11)-C(6)-C(5) 118.29(9) C(32)-C(33)-C(38) 124.03(10) 
C(7)-C(6)-C(5) 121.23(10) C(35)-C(34)-C(33) 122.46(11) 
C(8)-C(7)-C(6) 116.81(10) C(35)-C(34)-H(34) 118.8 
C(8)-C(7)-B(1) 116.01(9) C(33)-C(34)-H(34) 118.8 
C(6)-C(7)-B(1) 125.12(10) C(36)-C(35)-C(34) 117.73(11) 
C(9)-C(8)-C(7) 122.33(10) C(36)-C(35)-C(39) 121.56(12) 
C(9)-C(8)-H(8) 118.8 C(34)-C(35)-C(39) 120.63(12) 
C(7)-C(8)-H(8) 118.8 C(35)-C(36)-C(37) 121.94(11) 
C(10)-C(9)-C(8) 119.64(11) C(35)-C(36)-H(36) 119 
C(10)-C(9)-H(9) 120.2 C(37)-C(36)-H(36) 119 
C(8)-C(9)-H(9) 120.2 C(36)-C(37)-C(32) 120.74(11) 
C(9)-C(10)-C(11) 119.70(11) C(36)-C(37)-C(40) 116.47(11) 
C(9)-C(10)-H(10) 120.1 C(32)-C(37)-C(40) 122.72(10) 
C(11)-C(10)-H(10) 120.1 C(33)-C(38)-H(38A) 109.5 
C(10)-C(11)-C(6) 120.88(10) C(33)-C(38)-H(38B) 109.5 
C(10)-C(11)-H(11) 119.6 H(38A)-C(38)-H(38B) 109.5 
C(6)-C(11)-H(11) 119.6 C(33)-C(38)-H(38C) 109.5 
C(16)-C(12)-C(13) 106.15(10) H(38A)-C(38)-H(38C) 109.5 
C(16)-C(12)-Si(1) 125.92(9) H(38B)-C(38)-H(38C) 109.5 
C(13)-C(12)-Si(1) 120.47(8) C(35)-C(39)-H(39A) 109.5 
C(16)-C(12)-Zr(1) 76.65(6) C(35)-C(39)-H(39B) 109.5 
C(13)-C(12)-Zr(1) 72.73(6) H(39A)-C(39)-H(39B) 109.5 
Si(1)-C(12)-Zr(1) 91.66(4) C(35)-C(39)-H(39C) 109.5 
C(14)-C(13)-C(12) 108.86(11) H(39A)-C(39)-H(39C) 109.5 
C(14)-C(13)-C(17) 125.00(11) H(39B)-C(39)-H(39C) 109.5 
C(12)-C(13)-C(17) 126.14(11) C(37)-C(40)-H(40A) 109.5 
C(14)-C(13)-Zr(1) 78.20(7) C(37)-C(40)-H(40B) 109.5 
C(12)-C(13)-Zr(1) 72.99(6) H(40A)-C(40)-H(40B) 109.5 
C(17)-C(13)-Zr(1) 115.79(8) C(37)-C(40)-H(40C) 109.5 
C(15)-C(14)-C(13) 107.73(11) H(40A)-C(40)-H(40C) 109.5 
C(15)-C(14)-C(18) 125.47(13) H(40B)-C(40)-H(40C) 109.5 
 
Table S5.4 Anisotropic displacement parameters (Å2 ×103) for Zr-2. The anisotropic 
displacement factor exponent takes the form: -2 pi2[h2 a*2 U11 + ... + 2 h k a* b* U12].   
 U11 U22 U33 U23 U13 U12 
Zr(1) 19(1) 11(1) 16(1) 1(1) -7(1) -3(1) 
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Si(1) 21(1) 13(1) 20(1) -1(1) -6(1) -5(1) 
Cl(1) 54(1) 13(1) 25(1) -2(1) -18(1) -3(1) 
Cl(2) 21(1) 23(1) 25(1) 4(1) -4(1) -1(1) 
C(1) 17(1) 13(1) 18(1) -2(1) -7(1) -1(1) 
B(1) 17(1) 14(1) 14(1) -1(1) -6(1) 1(1) 
N(1) 27(1) 14(1) 21(1) 2(1) -12(1) -6(1) 
N(2) 18(1) 13(1) 17(1) 0(1) -7(1) -1(1) 
C(2) 23(1) 17(1) 20(1) -3(1) -9(1) -3(1) 
C(3) 23(1) 20(1) 17(1) -4(1) -9(1) -1(1) 
C(4) 19(1) 17(1) 15(1) -1(1) -5(1) 0(1) 
C(5) 14(1) 13(1) 16(1) -1(1) -4(1) 1(1) 
C(6) 15(1) 13(1) 14(1) 1(1) -3(1) -1(1) 
C(7) 15(1) 14(1) 14(1) 0(1) -4(1) -1(1) 
C(8) 19(1) 14(1) 18(1) 0(1) -4(1) -1(1) 
C(9) 19(1) 17(1) 22(1) -1(1) -5(1) -5(1) 
C(10) 16(1) 21(1) 22(1) 0(1) -7(1) -2(1) 
C(11) 16(1) 16(1) 20(1) 1(1) -6(1) 0(1) 
C(12) 20(1) 11(1) 17(1) 1(1) -4(1) -3(1) 
C(13) 24(1) 14(1) 16(1) 1(1) -4(1) -2(1) 
C(14) 35(1) 15(1) 18(1) 4(1) -11(1) -7(1) 
C(15) 26(1) 19(1) 25(1) 8(1) -13(1) -7(1) 
C(16) 20(1) 13(1) 22(1) 4(1) -6(1) -1(1) 
C(17) 27(1) 27(1) 24(1) -5(1) 0(1) 3(1) 
C(18) 61(1) 23(1) 22(1) -1(1) -19(1) -10(1) 
C(19) 33(1) 33(1) 44(1) 17(1) -25(1) -13(1) 
C(20) 24(1) 19(1) 33(1) 3(1) -3(1) 4(1) 
C(21) 42(1) 22(1) 29(1) -10(1) -12(1) -1(1) 
C(22) 26(1) 39(1) 37(1) -1(1) -10(1) -13(1) 
C(23) 14(1) 15(1) 16(1) 0(1) -4(1) 1(1) 
C(24) 15(1) 18(1) 18(1) -1(1) -6(1) 1(1) 
C(25) 17(1) 19(1) 23(1) -1(1) -7(1) -2(1) 
C(26) 17(1) 18(1) 22(1) 2(1) -3(1) -2(1) 
C(27) 20(1) 19(1) 16(1) 0(1) -4(1) 0(1) 
C(28) 16(1) 15(1) 16(1) -2(1) -5(1) 1(1) 
C(29) 23(1) 25(1) 21(1) 1(1) -11(1) -2(1) 
C(30) 28(1) 29(1) 29(1) 7(1) -6(1) -12(1) 
C(31) 23(1) 22(1) 17(1) -2(1) -7(1) -3(1) 
C(32) 17(1) 15(1) 17(1) 0(1) -7(1) 0(1) 
C(33) 18(1) 17(1) 19(1) 0(1) -7(1) 1(1) 
C(34) 21(1) 17(1) 25(1) -2(1) -11(1) 2(1) 
C(35) 25(1) 17(1) 26(1) 2(1) -16(1) -2(1) 
C(36) 26(1) 21(1) 22(1) 6(1) -9(1) -3(1) 
C(37) 21(1) 20(1) 18(1) 2(1) -6(1) 0(1) 
C(38) 23(1) 23(1) 26(1) 2(1) 1(1) 7(1) 
C(39) 36(1) 17(1) 33(1) 4(1) -20(1) -2(1) 
C(40) 33(1) 32(1) 18(1) 3(1) 0(1) 7(1) 
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Table S5.5 Hydrogen coordinates (×104) and isotropic displacement parameters 
(Å2×103) for Zr-2.    
 x y z U(eq) 
H(2) 2177 7345 1356 23 
H(3) 2604 8698 192 23 
H(4) 3651 10248 334 21 
H(8) 4468 13369 1340 21 
H(9) 6565 13110 1730 23 
H(10) 7448 11359 2081 24 
H(11) 6294 9874 1947 21 
H(17A) 1362 7938 5530 42 
H(17B) 842 6825 5367 42 
H(17C) 1143 7771 4595 42 
H(18A) 3086 8412 5907 50 
H(18B) 4769 8355 5677 50 
H(18C) 3913 7466 6362 50 
H(19A) 6904 6019 5144 52 
H(19B) 6808 7311 5020 52 
H(19C) 7482 6613 4184 52 
H(20A) 6648 5555 2993 41 
H(20B) 5504 4678 3293 41 
H(20C) 6569 4771 3864 41 
H(21A) 2976 5080 1990 45 
H(21B) 3488 4339 2738 45 
H(21C) 4469 5227 2140 45 
H(22A) 217 6411 4022 50 
H(22B) 599 5138 3954 50 
H(22C) 342 5878 3125 50 
H(25) -957 9599 2158 23 
H(27) 411 10260 4188 23 
H(29A) 228 10273 675 33 
H(29B) 1288 11203 512 33 
H(29C) -379 11494 860 33 
H(30A) -1145 8880 4427 44 
H(30B) -1237 8321 3584 44 
H(30C) -2359 9297 3968 44 
H(31A) 1764 11714 4082 30 
H(31B) 2116 12511 3208 30 
H(31C) 3143 11452 3288 30 
H(34) -349 15342 1640 24 
H(36) 2868 15017 -562 28 
H(38A) -1020 14044 2678 40 
H(38B) 223 13247 2900 40 
H(38C) -739 12841 2363 40 
H(39A) 338 16487 -263 40 
H(39B) 1712 16876 -91 40 
H(39C) 250 16900 674 40 
H(40A) 3737 13143 -932 45 
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H(40B) 3868 12275 -143 45 
H(40C) 4774 13306 -359 45 
 
Table S5.6 Torsion angles [º] for Zr-2.  
Cl(1)-Zr(1)-Si(1)-N(1) 74.50(6) Zr(1)-C(12)-C(13)-C(14) -70.70(8) 
Cl(2)-Zr(1)-Si(1)-N(1) -93.18(6) C(16)-C(12)-C(13)-C(17) 179.89(11) 
C(13)-Zr(1)-Si(1)-N(1) 132.92(7) Si(1)-C(12)-C(13)-C(17) 28.37(15) 
C(12)-Zr(1)-Si(1)-N(1) 166.26(8) Zr(1)-C(12)-C(13)-C(17) 109.88(11) 
N(2)-Zr(1)-Si(1)-N(1) -7.97(6) C(16)-C(12)-C(13)-Zr(1) 70.01(7) 
C(16)-Zr(1)-Si(1)-N(1) -163.76(7) Si(1)-C(12)-C(13)-Zr(1) -81.50(7) 
C(14)-Zr(1)-Si(1)-N(1) 148.64(7) N(1)-Zr(1)-C(13)-C(14) 172.27(7) 
C(15)-Zr(1)-Si(1)-N(1) -179.50(7) Cl(1)-Zr(1)-C(13)-C(14) -63.59(7) 
C(1)-Zr(1)-Si(1)-N(1) -9.60(6) Cl(2)-Zr(1)-C(13)-C(14) 61.72(8) 
N(1)-Zr(1)-Si(1)-C(21) 92.37(8) C(12)-Zr(1)-C(13)-C(14) 114.16(10) 
Cl(1)-Zr(1)-Si(1)-C(21) 166.87(5) N(2)-Zr(1)-C(13)-C(14) -152.78(7) 
Cl(2)-Zr(1)-Si(1)-C(21) -0.81(6) C(16)-Zr(1)-C(13)-C(14) 75.70(8) 
C(13)-Zr(1)-Si(1)-C(21) -134.71(6) C(15)-Zr(1)-C(13)-C(14) 35.88(7) 
C(12)-Zr(1)-Si(1)-C(21) -101.37(7) C(1)-Zr(1)-C(13)-C(14) -176.36(7) 
N(2)-Zr(1)-Si(1)-C(21) 84.40(6) Si(1)-Zr(1)-C(13)-C(14) 149.88(8) 
C(16)-Zr(1)-Si(1)-C(21) -71.39(6) N(1)-Zr(1)-C(13)-C(12) 58.12(7) 
C(14)-Zr(1)-Si(1)-C(21) -118.99(6) Cl(1)-Zr(1)-C(13)-C(12) -177.74(6) 
C(15)-Zr(1)-Si(1)-C(21) -87.13(6) Cl(2)-Zr(1)-C(13)-C(12) -52.44(8) 
C(1)-Zr(1)-Si(1)-C(21) 82.78(6) N(2)-Zr(1)-C(13)-C(12) 93.07(7) 
N(1)-Zr(1)-Si(1)-C(22) -76.54(9) C(16)-Zr(1)-C(13)-C(12) -38.45(6) 
Cl(1)-Zr(1)-Si(1)-C(22) -2.03(8) C(14)-Zr(1)-C(13)-C(12) -114.16(10) 
Cl(2)-Zr(1)-Si(1)-C(22) -169.72(7) C(15)-Zr(1)-C(13)-C(12) -78.28(7) 
C(13)-Zr(1)-Si(1)-C(22) 56.39(8) C(1)-Zr(1)-C(13)-C(12) 69.48(7) 
C(12)-Zr(1)-Si(1)-C(22) 89.72(8) Si(1)-Zr(1)-C(13)-C(12) 35.73(6) 
N(2)-Zr(1)-Si(1)-C(22) -84.51(8) N(1)-Zr(1)-C(13)-C(17) -64.37(9) 
C(16)-Zr(1)-Si(1)-C(22) 119.70(8) Cl(1)-Zr(1)-C(13)-C(17) 59.77(9) 
C(14)-Zr(1)-Si(1)-C(22) 72.10(8) Cl(2)-Zr(1)-C(13)-C(17) -174.92(7) 
C(15)-Zr(1)-Si(1)-C(22) 103.96(8) C(12)-Zr(1)-C(13)-C(17) -122.48(12) 
C(1)-Zr(1)-Si(1)-C(22) -86.13(8) N(2)-Zr(1)-C(13)-C(17) -29.42(11) 
N(1)-Zr(1)-Si(1)-C(12) -166.26(8) C(16)-Zr(1)-C(13)-C(17) -160.94(11) 
Cl(1)-Zr(1)-Si(1)-C(12) -91.76(5) C(14)-Zr(1)-C(13)-C(17) 123.36(12) 
Cl(2)-Zr(1)-Si(1)-C(12) 100.56(5) C(15)-Zr(1)-C(13)-C(17) 159.24(11) 
C(13)-Zr(1)-Si(1)-C(12) -33.34(5) C(1)-Zr(1)-C(13)-C(17) -53.00(10) 
N(2)-Zr(1)-Si(1)-C(12) -174.23(5) Si(1)-Zr(1)-C(13)-C(17) -86.76(9) 
C(16)-Zr(1)-Si(1)-C(12) 29.98(5) C(12)-C(13)-C(14)-C(15) 1.90(13) 
C(14)-Zr(1)-Si(1)-C(12) -17.62(5) C(17)-C(13)-C(14)-C(15) -178.67(11) 
C(15)-Zr(1)-Si(1)-C(12) 14.24(5) Zr(1)-C(13)-C(14)-C(15) -65.32(8) 
C(1)-Zr(1)-Si(1)-C(12) -175.85(5) C(12)-C(13)-C(14)-C(18) -172.95(11) 
N(1)-Zr(1)-C(1)-N(2) 166.31(11) C(17)-C(13)-C(14)-C(18) 6.48(19) 
Cl(1)-Zr(1)-C(1)-N(2) 39.66(7) Zr(1)-C(13)-C(14)-C(18) 119.83(12) 
Cl(2)-Zr(1)-C(1)-N(2) -73.14(6) C(12)-C(13)-C(14)-Zr(1) 67.22(8) 
C(13)-Zr(1)-C(1)-N(2) 142.17(6) C(17)-C(13)-C(14)-Zr(1) -113.35(12) 
C(12)-Zr(1)-C(1)-N(2) 174.18(7) N(1)-Zr(1)-C(14)-C(15) 107.66(7) 
C(16)-Zr(1)-C(1)-N(2) -158.12(6) Cl(1)-Zr(1)-C(14)-C(15) -128.90(7) 
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C(14)-Zr(1)-C(1)-N(2) 138.93(7) Cl(2)-Zr(1)-C(14)-C(15) -21.93(8) 
C(15)-Zr(1)-C(1)-N(2) -164.22(7) C(13)-Zr(1)-C(14)-C(15) 116.22(10) 
Si(1)-Zr(1)-C(1)-N(2) 176.67(7) C(12)-Zr(1)-C(14)-C(15) 77.46(7) 
Cl(1)-Zr(1)-C(1)-N(1) -126.65(7) N(2)-Zr(1)-C(14)-C(15) 175.58(8) 
Cl(2)-Zr(1)-C(1)-N(1) 120.55(8) C(16)-Zr(1)-C(14)-C(15) 36.32(7) 
C(13)-Zr(1)-C(1)-N(1) -24.14(8) C(1)-Zr(1)-C(14)-C(15) 121.86(8) 
C(12)-Zr(1)-C(1)-N(1) 7.87(8) Si(1)-Zr(1)-C(14)-C(15) 90.21(7) 
N(2)-Zr(1)-C(1)-N(1) -166.31(11) N(1)-Zr(1)-C(14)-C(13) -8.56(8) 
C(16)-Zr(1)-C(1)-N(1) 35.57(9) Cl(1)-Zr(1)-C(14)-C(13) 114.89(7) 
C(14)-Zr(1)-C(1)-N(1) -27.38(10) Cl(2)-Zr(1)-C(14)-C(13) -138.15(6) 
C(15)-Zr(1)-C(1)-N(1) 29.47(11) C(12)-Zr(1)-C(14)-C(13) -38.76(7) 
Si(1)-Zr(1)-C(1)-N(1) 10.36(7) N(2)-Zr(1)-C(14)-C(13) 59.37(12) 
N(1)-Zr(1)-C(1)-C(2) -68.1(4) C(16)-Zr(1)-C(14)-C(13) -79.90(7) 
Cl(1)-Zr(1)-C(1)-C(2) 165.3(4) C(15)-Zr(1)-C(14)-C(13) -116.22(10) 
Cl(2)-Zr(1)-C(1)-C(2) 52.5(4) C(1)-Zr(1)-C(14)-C(13) 5.65(10) 
C(13)-Zr(1)-C(1)-C(2) -92.2(4) Si(1)-Zr(1)-C(14)-C(13) -26.01(7) 
C(12)-Zr(1)-C(1)-C(2) -60.2(4) N(1)-Zr(1)-C(14)-C(18) -129.32(12) 
N(2)-Zr(1)-C(1)-C(2) 125.6(4) Cl(1)-Zr(1)-C(14)-C(18) -5.87(12) 
C(16)-Zr(1)-C(1)-C(2) -32.5(4) Cl(2)-Zr(1)-C(14)-C(18) 101.10(12) 
C(14)-Zr(1)-C(1)-C(2) -95.4(4) C(13)-Zr(1)-C(14)-C(18) -120.76(16) 
C(15)-Zr(1)-C(1)-C(2) -38.6(4) C(12)-Zr(1)-C(14)-C(18) -159.52(14) 
Si(1)-Zr(1)-C(1)-C(2) -57.7(4) N(2)-Zr(1)-C(14)-C(18) -61.39(17) 
N(2)-C(1)-N(1)-Si(1) -165.56(11) C(16)-Zr(1)-C(14)-C(18) 159.34(14) 
C(2)-C(1)-N(1)-Si(1) 13.1(2) C(15)-Zr(1)-C(14)-C(18) 123.03(16) 
Zr(1)-C(1)-N(1)-Si(1) -152.47(17) C(1)-Zr(1)-C(14)-C(18) -115.11(12) 
N(2)-C(1)-N(1)-Zr(1) -13.09(11) Si(1)-Zr(1)-C(14)-C(18) -146.77(12) 
C(2)-C(1)-N(1)-Zr(1) 165.52(10) C(13)-C(14)-C(15)-C(16) -2.39(13) 
C(21)-Si(1)-N(1)-C(1) 44.40(17) C(18)-C(14)-C(15)-C(16) 172.53(11) 
C(22)-Si(1)-N(1)-C(1) -79.34(16) Zr(1)-C(14)-C(15)-C(16) -64.04(8) 
C(12)-Si(1)-N(1)-C(1) 162.31(15) C(13)-C(14)-C(15)-C(19) -176.20(11) 
Zr(1)-Si(1)-N(1)-C(1) 151.58(18) C(18)-C(14)-C(15)-C(19) -1.28(19) 
C(21)-Si(1)-N(1)-Zr(1) -107.18(7) Zr(1)-C(14)-C(15)-C(19) 122.14(12) 
C(22)-Si(1)-N(1)-Zr(1) 129.08(7) C(13)-C(14)-C(15)-Zr(1) 61.66(8) 
C(12)-Si(1)-N(1)-Zr(1) 10.73(6) C(18)-C(14)-C(15)-Zr(1) -123.42(12) 
Cl(1)-Zr(1)-N(1)-C(1) 66.26(8) N(1)-Zr(1)-C(15)-C(14) -90.09(8) 
Cl(2)-Zr(1)-N(1)-C(1) -64.76(8) Cl(1)-Zr(1)-C(15)-C(14) 51.12(7) 
C(13)-Zr(1)-N(1)-C(1) 157.28(8) Cl(2)-Zr(1)-C(15)-C(14) 160.42(7) 
C(12)-Zr(1)-N(1)-C(1) -171.51(9) C(13)-Zr(1)-C(15)-C(14) -36.81(7) 
N(2)-Zr(1)-N(1)-C(1) 7.89(7) C(12)-Zr(1)-C(15)-C(14) -79.38(8) 
C(16)-Zr(1)-N(1)-C(1) -148.39(8) N(2)-Zr(1)-C(15)-C(14) -168.2(2) 
C(14)-Zr(1)-N(1)-C(1) 161.92(7) C(16)-Zr(1)-C(15)-C(14) -116.44(10) 
C(15)-Zr(1)-N(1)-C(1) -162.06(7) C(1)-Zr(1)-C(15)-C(14) -106.09(9) 
Si(1)-Zr(1)-N(1)-C(1) -162.65(11) Si(1)-Zr(1)-C(15)-C(14) -89.79(7) 
Cl(1)-Zr(1)-N(1)-Si(1) -131.10(4) N(1)-Zr(1)-C(15)-C(16) 26.35(9) 
Cl(2)-Zr(1)-N(1)-Si(1) 97.88(5) Cl(1)-Zr(1)-C(15)-C(16) 167.56(7) 
C(13)-Zr(1)-N(1)-Si(1) -40.07(6) Cl(2)-Zr(1)-C(15)-C(16) -83.14(7) 
C(12)-Zr(1)-N(1)-Si(1) -8.86(5) C(13)-Zr(1)-C(15)-C(16) 79.63(8) 
N(2)-Zr(1)-N(1)-Si(1) 170.53(7) C(12)-Zr(1)-C(15)-C(16) 37.06(7) 
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C(16)-Zr(1)-N(1)-Si(1) 14.25(6) N(2)-Zr(1)-C(15)-C(16) -51.8(3) 
C(14)-Zr(1)-N(1)-Si(1) -35.43(7) C(14)-Zr(1)-C(15)-C(16) 116.44(10) 
C(15)-Zr(1)-N(1)-Si(1) 0.58(8) C(1)-Zr(1)-C(15)-C(16) 10.35(12) 
C(1)-Zr(1)-N(1)-Si(1) 162.65(11) Si(1)-Zr(1)-C(15)-C(16) 26.65(7) 
N(1)-C(1)-N(2)-C(5) -176.81(10) N(1)-Zr(1)-C(15)-C(19) 147.17(12) 
C(2)-C(1)-N(2)-C(5) 4.51(17) Cl(1)-Zr(1)-C(15)-C(19) -71.61(13) 
Zr(1)-C(1)-N(2)-C(5) 172.47(11) Cl(2)-Zr(1)-C(15)-C(19) 37.68(12) 
N(1)-C(1)-N(2)-Zr(1) 10.72(9) C(13)-Zr(1)-C(15)-C(19) -159.55(14) 
C(2)-C(1)-N(2)-Zr(1) -167.96(11) C(12)-Zr(1)-C(15)-C(19) 157.88(14) 
N(1)-Zr(1)-N(2)-C(5) -172.89(18) N(2)-Zr(1)-C(15)-C(19) 69.0(3) 
Cl(1)-Zr(1)-N(2)-C(5) 51.87(17) C(16)-Zr(1)-C(15)-C(19) 120.82(16) 
Cl(2)-Zr(1)-N(2)-C(5) -58.07(17) C(14)-Zr(1)-C(15)-C(19) -122.74(16) 
C(13)-Zr(1)-N(2)-C(5) 144.59(16) C(1)-Zr(1)-C(15)-C(19) 131.18(12) 
C(12)-Zr(1)-N(2)-C(5) -172.21(16) Si(1)-Zr(1)-C(15)-C(19) 147.47(12) 
C(16)-Zr(1)-N(2)-C(5) -132.16(16) C(14)-C(15)-C(16)-C(12) 1.98(13) 
C(14)-Zr(1)-N(2)-C(5) 106.26(18) C(19)-C(15)-C(16)-C(12) 175.86(11) 
C(15)-Zr(1)-N(2)-C(5) -89.4(3) Zr(1)-C(15)-C(16)-C(12) -62.87(8) 
C(1)-Zr(1)-N(2)-C(5) -165.2(2) C(14)-C(15)-C(16)-C(20) -173.89(11) 
Si(1)-Zr(1)-N(2)-C(5) -168.01(17) C(19)-C(15)-C(16)-C(20) -0.01(18) 
N(1)-Zr(1)-N(2)-C(1) -7.73(6) Zr(1)-C(15)-C(16)-C(20) 121.26(11) 
Cl(1)-Zr(1)-N(2)-C(1) -142.98(6) C(14)-C(15)-C(16)-Zr(1) 64.85(8) 
Cl(2)-Zr(1)-N(2)-C(1) 107.09(6) C(19)-C(15)-C(16)-Zr(1) -121.27(12) 
C(13)-Zr(1)-N(2)-C(1) -50.25(8) C(13)-C(12)-C(16)-C(15) -0.79(12) 
C(12)-Zr(1)-N(2)-C(1) -7.05(8) Si(1)-C(12)-C(16)-C(15) 148.71(9) 
C(16)-Zr(1)-N(2)-C(1) 32.99(9) Zr(1)-C(12)-C(16)-C(15) 66.49(8) 
C(14)-Zr(1)-N(2)-C(1) -88.58(10) C(13)-C(12)-C(16)-C(20) 174.89(11) 
C(15)-Zr(1)-N(2)-C(1) 75.7(2) Si(1)-C(12)-C(16)-C(20) -35.61(16) 
Si(1)-Zr(1)-N(2)-C(1) -2.85(6) Zr(1)-C(12)-C(16)-C(20) -117.84(12) 
N(2)-C(1)-C(2)-C(3) -0.64(18) C(13)-C(12)-C(16)-Zr(1) -67.27(7) 
N(1)-C(1)-C(2)-C(3) -179.08(12) Si(1)-C(12)-C(16)-Zr(1) 82.23(8) 
Zr(1)-C(1)-C(2)-C(3) -120.3(4) N(1)-Zr(1)-C(16)-C(15) -157.68(8) 
C(1)-C(2)-C(3)-C(4) -2.67(18) Cl(1)-Zr(1)-C(16)-C(15) -16.41(9) 
C(2)-C(3)-C(4)-C(5) 2.12(17) Cl(2)-Zr(1)-C(16)-C(15) 93.96(7) 
C(1)-N(2)-C(5)-C(4) -5.05(16) C(13)-Zr(1)-C(16)-C(15) -76.54(8) 
Zr(1)-N(2)-C(5)-C(4) 157.99(13) C(12)-Zr(1)-C(16)-C(15) -116.28(10) 
C(1)-N(2)-C(5)-C(6) 176.26(10) N(2)-Zr(1)-C(16)-C(15) 168.95(7) 
Zr(1)-N(2)-C(5)-C(6) -20.7(2) C(14)-Zr(1)-C(16)-C(15) -35.98(7) 
C(3)-C(4)-C(5)-N(2) 1.82(17) C(1)-Zr(1)-C(16)-C(15) -173.87(7) 
C(3)-C(4)-C(5)-C(6) -179.50(10) Si(1)-Zr(1)-C(16)-C(15) -149.36(8) 
N(2)-C(5)-C(6)-C(11) 48.87(15) N(1)-Zr(1)-C(16)-C(12) -41.40(7) 
C(4)-C(5)-C(6)-C(11) -129.83(11) Cl(1)-Zr(1)-C(16)-C(12) 99.87(7) 
N(2)-C(5)-C(6)-C(7) -133.41(11) Cl(2)-Zr(1)-C(16)-C(12) -149.76(7) 
C(4)-C(5)-C(6)-C(7) 47.88(15) C(13)-Zr(1)-C(16)-C(12) 39.74(7) 
C(11)-C(6)-C(7)-C(8) 3.97(16) N(2)-Zr(1)-C(16)-C(12) -74.77(9) 
C(5)-C(6)-C(7)-C(8) -173.69(10) C(14)-Zr(1)-C(16)-C(12) 80.29(8) 
C(11)-C(6)-C(7)-B(1) -159.01(11) C(15)-Zr(1)-C(16)-C(12) 116.28(10) 
C(5)-C(6)-C(7)-B(1) 23.32(16) C(1)-Zr(1)-C(16)-C(12) -57.59(8) 
C(23)-B(1)-C(7)-C(8) -137.81(10) Si(1)-Zr(1)-C(16)-C(12) -33.08(6) 
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C(32)-B(1)-C(7)-C(8) 32.01(15) N(1)-Zr(1)-C(16)-C(20) 81.02(11) 
C(23)-B(1)-C(7)-C(6) 25.29(16) Cl(1)-Zr(1)-C(16)-C(20) -137.72(9) 
C(32)-B(1)-C(7)-C(6) -164.89(10) Cl(2)-Zr(1)-C(16)-C(20) -27.34(10) 
C(6)-C(7)-C(8)-C(9) -4.71(17) C(13)-Zr(1)-C(16)-C(20) 162.16(12) 
B(1)-C(7)-C(8)-C(9) 159.84(11) C(12)-Zr(1)-C(16)-C(20) 122.42(14) 
C(7)-C(8)-C(9)-C(10) 1.60(18) N(2)-Zr(1)-C(16)-C(20) 47.65(13) 
C(8)-C(9)-C(10)-C(11) 2.40(18) C(14)-Zr(1)-C(16)-C(20) -157.29(12) 
C(9)-C(10)-C(11)-C(6) -3.08(18) C(15)-Zr(1)-C(16)-C(20) -121.30(14) 
C(7)-C(6)-C(11)-C(10) -0.20(17) C(1)-Zr(1)-C(16)-C(20) 64.83(11) 
C(5)-C(6)-C(11)-C(10) 177.53(10) Si(1)-Zr(1)-C(16)-C(20) 89.34(10) 
N(1)-Si(1)-C(12)-C(16) -83.34(10) C(32)-B(1)-C(23)-C(24) 69.87(15) 
C(21)-Si(1)-C(12)-C(16) 32.27(12) C(7)-B(1)-C(23)-C(24) -120.53(11) 
C(22)-Si(1)-C(12)-C(16) 158.23(10) C(32)-B(1)-C(23)-C(28) -112.00(12) 
Zr(1)-Si(1)-C(12)-C(16) -74.67(9) C(7)-B(1)-C(23)-C(28) 57.60(14) 
N(1)-Si(1)-C(12)-C(13) 62.21(9) C(28)-C(23)-C(24)-C(25) -2.68(16) 
C(21)-Si(1)-C(12)-C(13) 177.82(9) B(1)-C(23)-C(24)-C(25) 175.46(10) 
C(22)-Si(1)-C(12)-C(13) -56.21(11) C(28)-C(23)-C(24)-C(29) 176.65(10) 
Zr(1)-Si(1)-C(12)-C(13) 70.88(8) B(1)-C(23)-C(24)-C(29) -5.21(16) 
N(1)-Si(1)-C(12)-Zr(1) -8.67(5) C(23)-C(24)-C(25)-C(26) 2.31(17) 
C(21)-Si(1)-C(12)-Zr(1) 106.94(6) C(29)-C(24)-C(25)-C(26) -177.04(11) 
C(22)-Si(1)-C(12)-Zr(1) -127.10(6) C(24)-C(25)-C(26)-C(27) -0.61(17) 
N(1)-Zr(1)-C(12)-C(16) 134.26(8) C(24)-C(25)-C(26)-C(30) 178.54(12) 
Cl(1)-Zr(1)-C(12)-C(16) -109.03(7) C(25)-C(26)-C(27)-C(28) -0.68(17) 
Cl(2)-Zr(1)-C(12)-C(16) 32.65(7) C(30)-C(26)-C(27)-C(28) -179.82(11) 
C(13)-Zr(1)-C(12)-C(16) -111.91(10) C(26)-C(27)-C(28)-C(23) 0.26(17) 
N(2)-Zr(1)-C(12)-C(16) 133.64(7) C(26)-C(27)-C(28)-C(31) 176.97(11) 
C(14)-Zr(1)-C(12)-C(16) -75.04(8) C(24)-C(23)-C(28)-C(27) 1.43(16) 
C(15)-Zr(1)-C(12)-C(16) -35.83(7) B(1)-C(23)-C(28)-C(27) -176.76(10) 
C(1)-Zr(1)-C(12)-C(16) 130.18(7) C(24)-C(23)-C(28)-C(31) -175.20(10) 
Si(1)-Zr(1)-C(12)-C(16) 126.61(9) B(1)-C(23)-C(28)-C(31) 6.61(15) 
N(1)-Zr(1)-C(12)-C(13) -113.84(8) C(23)-B(1)-C(32)-C(37) -149.03(11) 
Cl(1)-Zr(1)-C(12)-C(13) 2.88(8) C(7)-B(1)-C(32)-C(37) 41.91(16) 
Cl(2)-Zr(1)-C(12)-C(13) 144.55(6) C(23)-B(1)-C(32)-C(33) 36.01(16) 
N(2)-Zr(1)-C(12)-C(13) -114.46(7) C(7)-B(1)-C(32)-C(33) -133.05(12) 
C(16)-Zr(1)-C(12)-C(13) 111.91(10) C(37)-C(32)-C(33)-C(34) -5.15(17) 
C(14)-Zr(1)-C(12)-C(13) 36.87(7) B(1)-C(32)-C(33)-C(34) 170.05(11) 
C(15)-Zr(1)-C(12)-C(13) 76.08(7) C(37)-C(32)-C(33)-C(38) 174.42(12) 
C(1)-Zr(1)-C(12)-C(13) -117.91(7) B(1)-C(32)-C(33)-C(38) -10.38(18) 
Si(1)-Zr(1)-C(12)-C(13) -121.49(8) C(32)-C(33)-C(34)-C(35) 2.57(18) 
N(1)-Zr(1)-C(12)-Si(1) 7.65(4) C(38)-C(33)-C(34)-C(35) -177.03(12) 
Cl(1)-Zr(1)-C(12)-Si(1) 124.36(3) C(33)-C(34)-C(35)-C(36) 1.45(18) 
Cl(2)-Zr(1)-C(12)-Si(1) -93.96(4) C(33)-C(34)-C(35)-C(39) 178.34(11) 
C(13)-Zr(1)-C(12)-Si(1) 121.49(8) C(34)-C(35)-C(36)-C(37) -2.73(19) 
N(2)-Zr(1)-C(12)-Si(1) 7.03(6) C(39)-C(35)-C(36)-C(37) -179.59(12) 
C(16)-Zr(1)-C(12)-Si(1) -126.61(9) C(35)-C(36)-C(37)-C(32) -0.02(19) 
C(14)-Zr(1)-C(12)-Si(1) 158.36(7) C(35)-C(36)-C(37)-C(40) 177.17(13) 
C(15)-Zr(1)-C(12)-Si(1) -162.43(7) C(33)-C(32)-C(37)-C(36) 3.94(17) 
C(1)-Zr(1)-C(12)-Si(1) 3.57(5) B(1)-C(32)-C(37)-C(36) -171.22(11) 
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C(16)-C(12)-C(13)-C(14) -0.69(12) C(33)-C(32)-C(37)-C(40) -173.07(12) 
Si(1)-C(12)-C(13)-C(14) -152.20(8) B(1)-C(32)-C(37)-C(40) 11.77(18) 
 
 
Figure S102. Single-crystal X-ray analysis data of compound Ti-2. 
 
Table S6.1 Crystal data and structure refinement for Ti-2. 
Empirical formula C40H47BCl2N2SiTi 
Formula weight 713.5 
Temperature 100(2) K 
Wavelength 0.71073 Å 
Crystal system, space group Monoclinic,  P21/c 
Unit cell dimensions a = 31.459(5) Å α = 90º 
 b =  8.4830(12) Å β = 100.479(8)º  
 c = 28.646(3) Å γ = 90º 
Volume 7517.0(19) Å3 
Z, Calculated density 8,  1.261 mg/m3 
Absorption coefficient 0.432 mm-1 
F(000) 3008 
Crystal size 0.25 x 0.12 x 0.05 mm 
Theta range for data collection 1.32 to 24.60º 
Limiting indices -36<=h<=36, -9<=k<=9, -33<=l<=33 
Reflections collected / unique 45294 / 12074 [R(int) = 0.1549] 
Completeness to theta = 24.60 95.20% 
Absorption correction Semi-empirical from equivalents 
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Max. and min. transmission 0.7421 and 0.6101 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 12074 / 156 / 873 
Goodness-of-fit on F2 1.07 
Final R indices [I>2(I)] R1 = 0.1567, wR2 = 0.3651 
R indices (all data) R1 = 0.2304, wR2 = 0.3895 
Extinction coefficient 0.0022(3) 
Largest diff. peak and hole 1.212 and -0.671 e.Å-3 
REMARK: Bad crystal quality! Data only sufficient for structure evidence in 
publications, not for quantitative discussions. 
 
Table S6.2 Atomic coordinates (×104) and equivalent isotropic displacement 
parameters (Å2×103) for Ti-2. U(eq) is defined as one third of the trace of the 
orthogonalized Uij tensor. 
 x y z U(eq) 
Ti(1A) 3049(1) 5586(3) 3775(1) 15(1) 
Cl(1A) 3099(1) 3652(5) 3244(1) 29(1) 
Cl(2A) 2944(1) 4252(5) 4428(1) 26(1) 
Si(1A) 3567(1) 8549(5) 3849(2) 17(1) 
C(1A) 4027(4) 5779(17) 4114(5) 18(3) 
N(1A) 3623(3) 6494(14) 3939(4) 17(3) 
B(1A) 5521(5) 5395(19) 3760(6) 14(3) 
N(2A) 4363(4) 6741(15) 4148(5) 24(3) 
C(2A) 4763(4) 6133(17) 4285(5) 16(3) 
C(3A) 4824(5) 4577(18) 4404(5) 19(3) 
C(4A) 4467(4) 3599(18) 4374(5) 18(3) 
C(5A) 4057(5) 4200(20) 4217(6) 27(4) 
C(6A) 5124(4) 7246(16) 4307(5) 12(3) 
C(7A) 5504(4) 6781(17) 4119(5) 14(3) 
C(8A) 5851(4) 7887(18) 4184(5) 19(3) 
C(9A) 5831(5) 9347(18) 4382(5) 20(3) 
C(10A) 5450(4) 9767(17) 4545(5) 15(3) 
C(11A) 5108(4) 8732(17) 4506(5) 15(3) 
C(12A) 5104(4) 5121(17) 3366(5) 13(3) 
C(13A) 4924(5) 3596(18) 3285(5) 20(3) 
C(14A) 4536(5) 3387(17) 2979(5) 18(3) 
C(15A) 4318(4) 4624(18) 2711(5) 18(3) 
C(16A) 4511(5) 6114(18) 2775(5) 20(3) 
C(17A) 4889(4) 6372(17) 3110(5) 15(3) 
C(18A) 5138(5) 2123(18) 3531(6) 27(4) 
C(19A) 3892(5) 4410(20) 2359(6) 31(4) 
C(20A) 5055(5) 8053(17) 3170(6) 24(4) 
C(21A) 5955(4) 4463(16) 3756(4) 9(3) 
C(22A) 6135(5) 4284(17) 3361(5) 17(3) 
C(23A) 6497(5) 3421(18) 3353(5) 21(3) 
C(24A) 6721(5) 2670(18) 3757(6) 24(4) 
C(25A) 6566(5) 2875(18) 4175(6) 23(4) 
C(26A) 6197(4) 3767(17) 4205(5) 16(3) 
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C(27A) 5917(5) 5010(20) 2876(6) 31(4) 
C(28A) 7129(5) 1700(20) 3764(7) 37(5) 
C(29A) 6069(5) 3940(20) 4676(7) 34(4) 
C(30A) 3853(5) 9380(20) 3397(7) 33(4) 
C(31A) 3706(6) 9770(20) 4394(7) 37(5) 
C(32A) 2972(5) 8243(18) 3640(6) 26(4) 
C(33A) 2681(4) 7848(17) 3968(5) 15(3) 
C(34A) 2360(5) 6802(19) 3746(6) 26(4) 
C(35A) 2420(5) 6624(19) 3238(5) 22(4) 
C(36A) 2803(5) 7481(19) 3199(5) 21(3) 
C(37A) 2716(5) 8382(19) 4474(6) 30(4) 
C(38A) 1993(5) 6120(20) 3914(7) 33(4) 
C(39A) 2136(5) 5710(20) 2858(6) 34(4) 
C(40A) 2978(5) 7580(20) 2748(5) 23(3) 
Ti(1B) 8078(1) 7458(3) 3908(1) 16(1) 
Cl(1B) 8071(1) 9424(5) 3374(2) 30(1) 
Cl(2B) 8014(1) 8756(5) 4579(2) 31(1) 
Si(1B) 8612(1) 4556(5) 3916(2) 18(1) 
N(1B) 8661(3) 6587(14) 4011(4) 15(3) 
C(1B) 9068(4) 7305(17) 4139(5) 13(3) 
B(1B) 10550(5) 7606(19) 3714(5) 12(3) 
N(2B) 9400(3) 6321(13) 4148(4) 12(2) 
C(2B) 9809(4) 6921(17) 4274(5) 16(3) 
C(3B) 9871(4) 8500(17) 4401(5) 15(3) 
C(4B) 9522(5) 9536(18) 4384(5) 21(3) 
C(5B) 9114(5) 8913(17) 4254(6) 20(3) 
C(6B) 10180(4) 5826(16) 4287(5) 16(3) 
C(7B) 10546(4) 6254(16) 4112(5) 15(3) 
C(8B) 10892(5) 5245(17) 4193(5) 19(3) 
C(9B) 10888(5) 3797(17) 4421(5) 18(3) 
C(10B) 10520(4) 3369(17) 4575(5) 18(3) 
C(11B) 10162(4) 4368(16) 4525(5) 14(3) 
C(12B) 10111(4) 7820(16) 3344(5) 15(3) 
C(13B) 9914(4) 9317(18) 3263(6) 20(3) 
C(14B) 9503(4) 9481(18) 2994(5) 15(3) 
C(15B) 9289(5) 8225(19) 2747(6) 26(4) 
C(16B) 9497(4) 6770(17) 2799(5) 18(3) 
C(17B) 9892(5) 6541(16) 3102(5) 16(3) 
C(18B) 10135(5) 10778(16) 3519(6) 20(3) 
C(19B) 8856(5) 8409(18) 2428(6) 22(3) 
C(20B) 10074(5) 4863(17) 3144(5) 18(3) 
C(21B) 10972(5) 8539(16) 3685(5) 18(3) 
C(22B) 11215(4) 9366(17) 4072(5) 17(3) 
C(23B) 11569(5) 10241(18) 4015(6) 24(4) 
C(24B) 11722(4) 10331(16) 3602(5) 15(3) 
C(25B) 11490(4) 9456(16) 3207(6) 16(3) 
C(26B) 11128(4) 8612(16) 3251(5) 14(3) 
C(27B) 11079(5) 9383(18) 4564(5) 20(3) 
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C(28B) 12105(5) 11319(18) 3538(6) 23(3) 
C(29B) 10913(4) 7652(17) 2825(5) 16(3) 
C(30B) 8846(6) 3770(20) 3400(7) 35(4) 
C(31B) 8806(5) 3373(19) 4461(7) 30(4) 
C(32B) 7998(5) 4796(17) 3789(5) 17(3) 
C(33B) 7754(5) 5179(17) 4136(5) 18(3) 
C(34B) 7400(5) 6147(18) 3916(6) 22(4) 
C(35B) 7423(5) 6396(18) 3446(6) 27(4) 
C(36B) 7788(4) 5574(18) 3354(6) 21(3) 
C(37B) 7833(5) 4610(20) 4634(6) 36(4) 
C(38B) 7052(5) 6800(20) 4175(7) 34(4) 
C(39B) 7103(5) 7280(20) 3082(6) 34(4) 
C(40B) 7931(6) 5480(20) 2867(6) 33(4) 
 
Table S6.3  Bond lengths [Å] and angles [º] for Ti-2.  
Ti(1A)-N(1A) 1.940(11) Ti(1B)-N(1B) 1.950(11) 
Ti(1A)-Cl(2A) 2.261(5) Ti(1B)-Cl(2B) 2.254(5) 
Ti(1A)-Cl(1A) 2.264(5) Ti(1B)-Cl(1B) 2.261(5) 
Ti(1A)-C(32A) 2.293(16) Ti(1B)-C(32B) 2.291(15) 
Ti(1A)-C(36A) 2.333(15) Ti(1B)-C(36B) 2.319(15) 
Ti(1A)-C(33A) 2.356(14) Ti(1B)-C(33B) 2.333(14) 
Ti(1A)-C(34A) 2.387(15) Ti(1B)-C(34B) 2.407(15) 
Ti(1A)-C(35A) 2.439(14) Ti(1B)-C(35B) 2.412(15) 
Ti(1A)-Si(1A) 2.982(5) Ti(1B)-Si(1B) 2.979(5) 
Si(1A)-N(1A) 1.766(12) Si(1B)-N(1B) 1.747(12) 
Si(1A)-C(30A) 1.846(17) Si(1B)-C(31B) 1.862(18) 
Si(1A)-C(31A) 1.860(18) Si(1B)-C(30B) 1.887(17) 
Si(1A)-C(32A) 1.877(15) Si(1B)-C(32B) 1.909(15) 
C(1A)-N(2A) 1.325(19) N(1B)-C(1B) 1.406(17) 
C(1A)-C(5A) 1.37(2) C(1B)-N(2B) 1.332(17) 
C(1A)-N(1A) 1.417(17) C(1B)-C(5B) 1.40(2) 
B(1A)-C(7A) 1.57(2) B(1B)-C(21B) 1.56(2) 
B(1A)-C(21A) 1.58(2) B(1B)-C(12B) 1.592(19) 
B(1A)-C(12A) 1.58(2) B(1B)-C(7B) 1.62(2) 
N(2A)-C(2A) 1.350(18) N(2B)-C(2B) 1.371(17) 
C(2A)-C(3A) 1.37(2) C(2B)-C(3B) 1.39(2) 
C(2A)-C(6A) 1.470(19) C(2B)-C(6B) 1.486(19) 
C(3A)-C(4A) 1.39(2) C(3B)-C(4B) 1.40(2) 
C(3A)-H(3A) 0.95 C(3B)-H(3B) 0.95 
C(4A)-C(5A) 1.38(2) C(4B)-C(5B) 1.37(2) 
C(4A)-H(4A) 0.95 C(4B)-H(4B) 0.95 
C(5A)-H(5A) 0.95 C(5B)-H(5B) 0.95 
C(6A)-C(11A) 1.39(2) C(6B)-C(7B) 1.39(2) 
C(6A)-C(7A) 1.452(18) C(6B)-C(11B) 1.42(2) 
C(7A)-C(8A) 1.43(2) C(7B)-C(8B) 1.37(2) 
C(8A)-C(9A) 1.37(2) C(8B)-C(9B) 1.39(2) 
C(8A)-H(8A) 0.95 C(8B)-H(8B) 0.95 
C(9A)-C(10A) 1.41(2) C(9B)-C(10B) 1.36(2) 
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C(9A)-H(9A) 0.95 C(9B)-H(9B) 0.95 
C(10A)-C(11A) 1.38(2) C(10B)-C(11B) 1.396(19) 
C(10A)-H(10A) 0.95 C(10B)-H(10B) 0.95 
C(11A)-H(11A) 0.95 C(11B)-H(11B) 0.95 
C(12A)-C(17A) 1.39(2) C(12B)-C(17B) 1.40(2) 
C(12A)-C(13A) 1.41(2) C(12B)-C(13B) 1.41(2) 
C(13A)-C(14A) 1.38(2) C(13B)-C(14B) 1.387(19) 
C(13A)-C(18A) 1.53(2) C(13B)-C(18B) 1.54(2) 
C(14A)-C(15A) 1.40(2) C(14B)-C(15B) 1.38(2) 
C(14A)-H(14A) 0.95 C(14B)-H(14B) 0.95 
C(15A)-C(16A) 1.40(2) C(15B)-C(16B) 1.39(2) 
C(15A)-C(19A) 1.536(19) C(15B)-C(19B) 1.50(2) 
C(16A)-C(17A) 1.40(2) C(16B)-C(17B) 1.39(2) 
C(16A)-H(16A) 0.95 C(16B)-H(16B) 0.95 
C(17A)-C(20A) 1.52(2) C(17B)-C(20B) 1.53(2) 
C(18A)-H(18A) 0.98 C(18B)-H(18D) 0.98 
C(18A)-H(18B) 0.98 C(18B)-H(18E) 0.98 
C(18A)-H(18C) 0.98 C(18B)-H(18F) 0.98 
C(19A)-H(19A) 0.98 C(19B)-H(19D) 0.98 
C(19A)-H(19B) 0.98 C(19B)-H(19E) 0.98 
C(19A)-H(19C) 0.98 C(19B)-H(19F) 0.98 
C(20A)-H(20A) 0.98 C(20B)-H(20D) 0.98 
C(20A)-H(20B) 0.98 C(20B)-H(20E) 0.98 
C(20A)-H(20C) 0.98 C(20B)-H(20F) 0.98 
C(21A)-C(22A) 1.363(19) C(21B)-C(22B) 1.41(2) 
C(21A)-C(26A) 1.490(19) C(21B)-C(26B) 1.42(2) 
C(22A)-C(23A) 1.35(2) C(22B)-C(23B) 1.37(2) 
C(22A)-C(27A) 1.56(2) C(22B)-C(27B) 1.54(2) 
C(23A)-C(24A) 1.40(2) C(23B)-C(24B) 1.36(2) 
C(23A)-H(23A) 0.95 C(23B)-H(23B) 0.95 
C(24A)-C(25A) 1.38(2) C(24B)-C(25B) 1.44(2) 
C(24A)-C(28A) 1.52(2) C(24B)-C(28B) 1.51(2) 
C(25A)-C(26A) 1.40(2) C(25B)-C(26B) 1.371(19) 
C(25A)-H(25A) 0.95 C(25B)-H(25B) 0.95 
C(26A)-C(29A) 1.48(2) C(26B)-C(29B) 1.520(19) 
C(27A)-H(27A) 0.98 C(27B)-H(27D) 0.98 
C(27A)-H(27B) 0.98 C(27B)-H(27E) 0.98 
C(27A)-H(27C) 0.98 C(27B)-H(27F) 0.98 
C(28A)-H(28A) 0.98 C(28B)-H(28D) 0.98 
C(28A)-H(28B) 0.98 C(28B)-H(28E) 0.98 
C(28A)-H(28C) 0.98 C(28B)-H(28F) 0.98 
C(29A)-H(29A) 0.98 C(29B)-H(29D) 0.98 
C(29A)-H(29B) 0.98 C(29B)-H(29E) 0.98 
C(29A)-H(29C) 0.98 C(29B)-H(29F) 0.98 
C(30A)-H(30A) 0.98 C(30B)-H(30D) 0.98 
C(30A)-H(30B) 0.98 C(30B)-H(30E) 0.98 
C(30A)-H(30C) 0.98 C(30B)-H(30F) 0.98 
C(31A)-H(31A) 0.98 C(31B)-H(31D) 0.98 
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C(31A)-H(31B) 0.98 C(31B)-H(31E) 0.98 
C(31A)-H(31C) 0.98 C(31B)-H(31F) 0.98 
C(32A)-C(36A) 1.43(2) C(32B)-C(33B) 1.40(2) 
C(32A)-C(33A) 1.46(2) C(32B)-C(36B) 1.46(2) 
C(33A)-C(34A) 1.41(2) C(33B)-C(34B) 1.43(2) 
C(33A)-C(37A) 1.50(2) C(33B)-C(37B) 1.48(2) 
C(34A)-C(38A) 1.45(2) C(34B)-C(35B) 1.38(2) 
C(34A)-C(35A) 1.51(2) C(34B)-C(38B) 1.53(2) 
C(35A)-C(36A) 1.43(2) C(35B)-C(36B) 1.41(2) 
C(35A)-C(39A) 1.49(2) C(35B)-C(39B) 1.51(2) 
C(36A)-C(40A) 1.50(2) C(36B)-C(40B) 1.54(2) 
C(37A)-H(37A) 0.98 C(37B)-H(37D) 0.98 
C(37A)-H(37B) 0.98 C(37B)-H(37E) 0.98 
C(37A)-H(37C) 0.98 C(37B)-H(37F) 0.98 
C(38A)-H(38A) 0.98 C(38B)-H(38D) 0.98 
C(38A)-H(38B) 0.98 C(38B)-H(38E) 0.98 
C(38A)-H(38C) 0.98 C(38B)-H(38F) 0.98 
C(39A)-H(39A) 0.98 C(39B)-H(39D) 0.98 
C(39A)-H(39B) 0.98 C(39B)-H(39E) 0.98 
C(39A)-H(39C) 0.98 C(39B)-H(39F) 0.98 
C(40A)-H(40A) 0.98 C(40B)-H(40D) 0.98 
C(40A)-H(40B) 0.98 C(40B)-H(40E) 0.98 
C(40A)-H(40C) 0.98 C(40B)-H(40F) 0.98 
    
N(1A)-Ti(1A)-Cl(2A) 105.6(4) N(1B)-Ti(1B)-Cl(2B) 106.4(4) 
N(1A)-Ti(1A)-Cl(1A) 105.9(4) N(1B)-Ti(1B)-Cl(1B) 105.9(4) 
Cl(2A)-Ti(1A)-Cl(1A) 103.42(18) Cl(2B)-Ti(1B)-Cl(1B) 103.0(2) 
N(1A)-Ti(1A)-C(32A) 73.5(5) N(1B)-Ti(1B)-C(32B) 73.9(5) 
Cl(2A)-Ti(1A)-C(32A) 127.2(5) Cl(2B)-Ti(1B)-C(32B) 125.7(4) 
Cl(1A)-Ti(1A)-C(32A) 128.1(5) Cl(1B)-Ti(1B)-C(32B) 129.7(4) 
N(1A)-Ti(1A)-C(36A) 94.1(5) N(1B)-Ti(1B)-C(36B) 94.8(5) 
Cl(2A)-Ti(1A)-C(36A) 148.2(4) Cl(2B)-Ti(1B)-C(36B) 146.6(4) 
Cl(1A)-Ti(1A)-C(36A) 94.5(4) Cl(1B)-Ti(1B)-C(36B) 95.2(4) 
C(32A)-Ti(1A)-C(36A) 36.1(6) C(32B)-Ti(1B)-C(36B) 36.9(5) 
N(1A)-Ti(1A)-C(33A) 95.4(5) N(1B)-Ti(1B)-C(33B) 95.2(5) 
Cl(2A)-Ti(1A)-C(33A) 93.6(4) Cl(2B)-Ti(1B)-C(33B) 93.2(4) 
Cl(1A)-Ti(1A)-C(33A) 147.6(4) Cl(1B)-Ti(1B)-C(33B) 148.1(4) 
C(32A)-Ti(1A)-C(33A) 36.7(5) C(32B)-Ti(1B)-C(33B) 35.2(5) 
C(36A)-Ti(1A)-C(33A) 59.4(5) C(36B)-Ti(1B)-C(33B) 58.9(6) 
N(1A)-Ti(1A)-C(34A) 129.5(5) N(1B)-Ti(1B)-C(34B) 129.3(5) 
Cl(2A)-Ti(1A)-C(34A) 88.7(4) Cl(2B)-Ti(1B)-C(34B) 90.1(4) 
Cl(1A)-Ti(1A)-C(34A) 117.6(4) Cl(1B)-Ti(1B)-C(34B) 116.6(4) 
C(32A)-Ti(1A)-C(34A) 60.1(5) C(32B)-Ti(1B)-C(34B) 58.2(5) 
C(36A)-Ti(1A)-C(34A) 59.7(5) C(36B)-Ti(1B)-C(34B) 56.6(5) 
C(33A)-Ti(1A)-C(34A) 34.5(5) C(33B)-Ti(1B)-C(34B) 35.1(5) 
N(1A)-Ti(1A)-C(35A) 128.4(5) N(1B)-Ti(1B)-C(35B) 128.9(5) 
Cl(2A)-Ti(1A)-C(35A) 118.6(4) Cl(2B)-Ti(1B)-C(35B) 116.8(4) 
Cl(1A)-Ti(1A)-C(35A) 89.1(4) Cl(1B)-Ti(1B)-C(35B) 90.1(4) 
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C(32A)-Ti(1A)-C(35A) 59.3(5) C(32B)-Ti(1B)-C(35B) 59.4(5) 
C(36A)-Ti(1A)-C(35A) 34.7(5) C(36B)-Ti(1B)-C(35B) 34.6(5) 
C(33A)-Ti(1A)-C(35A) 58.5(5) C(33B)-Ti(1B)-C(35B) 58.0(6) 
C(34A)-Ti(1A)-C(35A) 36.4(5) C(34B)-Ti(1B)-C(35B) 33.2(6) 
N(1A)-Ti(1A)-Si(1A) 34.5(4) N(1B)-Ti(1B)-Si(1B) 34.1(4) 
Cl(2A)-Ti(1A)-Si(1A) 121.59(17) Cl(2B)-Ti(1B)-Si(1B) 122.30(17) 
Cl(1A)-Ti(1A)-Si(1A) 123.67(17) Cl(1B)-Ti(1B)-Si(1B) 123.42(17) 
C(32A)-Ti(1A)-Si(1A) 39.0(4) C(32B)-Ti(1B)-Si(1B) 39.9(4) 
C(36A)-Ti(1A)-Si(1A) 64.9(4) C(36B)-Ti(1B)-Si(1B) 65.6(4) 
C(33A)-Ti(1A)-Si(1A) 65.3(4) C(33B)-Ti(1B)-Si(1B) 65.6(4) 
C(34A)-Ti(1A)-Si(1A) 96.8(4) C(34B)-Ti(1B)-Si(1B) 96.7(4) 
C(35A)-Ti(1A)-Si(1A) 96.4(4) C(35B)-Ti(1B)-Si(1B) 96.9(4) 
N(1A)-Si(1A)-C(30A) 115.6(7) N(1B)-Si(1B)-C(31B) 113.3(7) 
N(1A)-Si(1A)-C(31A) 115.3(7) N(1B)-Si(1B)-C(30B) 115.6(7) 
C(30A)-Si(1A)-C(31A) 107.7(8) C(31B)-Si(1B)-C(30B) 110.6(8) 
N(1A)-Si(1A)-C(32A) 88.7(6) N(1B)-Si(1B)-C(32B) 89.0(6) 
C(30A)-Si(1A)-C(32A) 114.5(8) C(31B)-Si(1B)-C(32B) 112.5(7) 
C(31A)-Si(1A)-C(32A) 114.4(8) C(30B)-Si(1B)-C(32B) 114.4(8) 
N(1A)-Si(1A)-Ti(1A) 38.4(4) N(1B)-Si(1B)-Ti(1B) 38.7(4) 
C(30A)-Si(1A)-Ti(1A) 127.1(6) C(31B)-Si(1B)-Ti(1B) 123.4(6) 
C(31A)-Si(1A)-Ti(1A) 124.9(6) C(30B)-Si(1B)-Ti(1B) 125.8(6) 
C(32A)-Si(1A)-Ti(1A) 50.2(5) C(32B)-Si(1B)-Ti(1B) 50.3(4) 
N(2A)-C(1A)-C(5A) 124.3(14) C(1B)-N(1B)-Si(1B) 121.2(9) 
N(2A)-C(1A)-N(1A) 114.5(13) C(1B)-N(1B)-Ti(1B) 131.6(10) 
C(5A)-C(1A)-N(1A) 121.2(13) Si(1B)-N(1B)-Ti(1B) 107.2(6) 
C(1A)-N(1A)-Si(1A) 122.2(9) N(2B)-C(1B)-C(5B) 123.8(12) 
C(1A)-N(1A)-Ti(1A) 130.7(10) N(2B)-C(1B)-N(1B) 114.0(12) 
Si(1A)-N(1A)-Ti(1A) 107.1(6) C(5B)-C(1B)-N(1B) 122.1(12) 
C(7A)-B(1A)-C(21A) 120.7(12) C(21B)-B(1B)-C(12B) 123.3(13) 
C(7A)-B(1A)-C(12A) 117.0(12) C(21B)-B(1B)-C(7B) 120.8(12) 
C(21A)-B(1A)-C(12A) 121.8(13) C(12B)-B(1B)-C(7B) 115.7(12) 
C(1A)-N(2A)-C(2A) 118.3(13) C(1B)-N(2B)-C(2B) 117.9(12) 
N(2A)-C(2A)-C(3A) 121.5(13) N(2B)-C(2B)-C(3B) 120.4(12) 
N(2A)-C(2A)-C(6A) 116.1(12) N(2B)-C(2B)-C(6B) 118.1(13) 
C(3A)-C(2A)-C(6A) 122.4(13) C(3B)-C(2B)-C(6B) 121.5(12) 
C(2A)-C(3A)-C(4A) 119.1(14) C(2B)-C(3B)-C(4B) 121.5(13) 
C(2A)-C(3A)-H(3A) 120.4 C(2B)-C(3B)-H(3B) 119.2 
C(4A)-C(3A)-H(3A) 120.4 C(4B)-C(3B)-H(3B) 119.2 
C(5A)-C(4A)-C(3A) 119.6(14) C(5B)-C(4B)-C(3B) 117.1(14) 
C(5A)-C(4A)-H(4A) 120.2 C(5B)-C(4B)-H(4B) 121.5 
C(3A)-C(4A)-H(4A) 120.2 C(3B)-C(4B)-H(4B) 121.5 
C(1A)-C(5A)-C(4A) 117.2(14) C(4B)-C(5B)-C(1B) 119.3(13) 
C(1A)-C(5A)-H(5A) 121.4 C(4B)-C(5B)-H(5B) 120.4 
C(4A)-C(5A)-H(5A) 121.4 C(1B)-C(5B)-H(5B) 120.4 
C(11A)-C(6A)-C(7A) 119.4(13) C(7B)-C(6B)-C(11B) 120.7(13) 
C(11A)-C(6A)-C(2A) 121.1(12) C(7B)-C(6B)-C(2B) 121.9(13) 
C(7A)-C(6A)-C(2A) 119.5(12) C(11B)-C(6B)-C(2B) 117.1(12) 
C(8A)-C(7A)-C(6A) 115.8(12) C(8B)-C(7B)-C(6B) 117.5(13) 
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C(8A)-C(7A)-B(1A) 117.5(12) C(8B)-C(7B)-B(1B) 117.0(12) 
C(6A)-C(7A)-B(1A) 125.1(12) C(6B)-C(7B)-B(1B) 123.6(13) 
C(9A)-C(8A)-C(7A) 123.9(13) C(7B)-C(8B)-C(9B) 123.7(14) 
C(9A)-C(8A)-H(8A) 118 C(7B)-C(8B)-H(8B) 118.1 
C(7A)-C(8A)-H(8A) 118 C(9B)-C(8B)-H(8B) 118.1 
C(8A)-C(9A)-C(10A) 118.1(13) C(10B)-C(9B)-C(8B) 117.9(14) 
C(8A)-C(9A)-H(9A) 120.9 C(10B)-C(9B)-H(9B) 121.1 
C(10A)-C(9A)-H(9A) 120.9 C(8B)-C(9B)-H(9B) 121.1 
C(11A)-C(10A)-C(9A) 120.7(14) C(9B)-C(10B)-C(11B) 121.6(14) 
C(11A)-C(10A)-H(10A) 119.7 C(9B)-C(10B)-H(10B) 119.2 
C(9A)-C(10A)-H(10A) 119.7 C(11B)-C(10B)-H(10B) 119.2 
C(10A)-C(11A)-C(6A) 121.9(13) C(10B)-C(11B)-C(6B) 118.4(13) 
C(10A)-C(11A)-H(11A) 119.1 C(10B)-C(11B)-H(11B) 120.8 
C(6A)-C(11A)-H(11A) 119.1 C(6B)-C(11B)-H(11B) 120.8 
C(17A)-C(12A)-C(13A) 118.0(13) C(17B)-C(12B)-C(13B) 117.0(12) 
C(17A)-C(12A)-B(1A) 121.5(13) C(17B)-C(12B)-B(1B) 122.1(12) 
C(13A)-C(12A)-B(1A) 120.3(12) C(13B)-C(12B)-B(1B) 120.9(13) 
C(14A)-C(13A)-C(12A) 120.2(13) C(14B)-C(13B)-C(12B) 121.2(14) 
C(14A)-C(13A)-C(18A) 116.9(13) C(14B)-C(13B)-C(18B) 118.5(13) 
C(12A)-C(13A)-C(18A) 122.9(13) C(12B)-C(13B)-C(18B) 120.0(12) 
C(13A)-C(14A)-C(15A) 122.7(14) C(15B)-C(14B)-C(13B) 121.6(14) 
C(13A)-C(14A)-H(14A) 118.6 C(15B)-C(14B)-H(14B) 119.2 
C(15A)-C(14A)-H(14A) 118.6 C(13B)-C(14B)-H(14B) 119.2 
C(16A)-C(15A)-C(14A) 116.5(13) C(14B)-C(15B)-C(16B) 116.9(13) 
C(16A)-C(15A)-C(19A) 120.0(14) C(14B)-C(15B)-C(19B) 122.2(14) 
C(14A)-C(15A)-C(19A) 123.5(14) C(16B)-C(15B)-C(19B) 120.9(14) 
C(15A)-C(16A)-C(17A) 121.6(14) C(15B)-C(16B)-C(17B) 122.6(14) 
C(15A)-C(16A)-H(16A) 119.2 C(15B)-C(16B)-H(16B) 118.7 
C(17A)-C(16A)-H(16A) 119.2 C(17B)-C(16B)-H(16B) 118.7 
C(12A)-C(17A)-C(16A) 120.8(14) C(16B)-C(17B)-C(12B) 120.2(13) 
C(12A)-C(17A)-C(20A) 122.1(13) C(16B)-C(17B)-C(20B) 117.3(12) 
C(16A)-C(17A)-C(20A) 117.2(13) C(12B)-C(17B)-C(20B) 122.5(12) 
C(13A)-C(18A)-H(18A) 109.5 C(13B)-C(18B)-H(18D) 109.5 
C(13A)-C(18A)-H(18B) 109.5 C(13B)-C(18B)-H(18E) 109.5 
H(18A)-C(18A)-H(18B) 109.5 H(18D)-C(18B)-H(18E) 109.5 
C(13A)-C(18A)-H(18C) 109.5 C(13B)-C(18B)-H(18F) 109.5 
H(18A)-C(18A)-H(18C) 109.5 H(18D)-C(18B)-H(18F) 109.5 
H(18B)-C(18A)-H(18C) 109.5 H(18E)-C(18B)-H(18F) 109.5 
C(15A)-C(19A)-H(19A) 109.5 C(15B)-C(19B)-H(19D) 109.5 
C(15A)-C(19A)-H(19B) 109.5 C(15B)-C(19B)-H(19E) 109.5 
H(19A)-C(19A)-H(19B) 109.5 H(19D)-C(19B)-H(19E) 109.5 
C(15A)-C(19A)-H(19C) 109.5 C(15B)-C(19B)-H(19F) 109.5 
H(19A)-C(19A)-H(19C) 109.5 H(19D)-C(19B)-H(19F) 109.5 
H(19B)-C(19A)-H(19C) 109.5 H(19E)-C(19B)-H(19F) 109.5 
C(17A)-C(20A)-H(20A) 109.5 C(17B)-C(20B)-H(20D) 109.5 
C(17A)-C(20A)-H(20B) 109.5 C(17B)-C(20B)-H(20E) 109.5 
H(20A)-C(20A)-H(20B) 109.5 H(20D)-C(20B)-H(20E) 109.5 
C(17A)-C(20A)-H(20C) 109.5 C(17B)-C(20B)-H(20F) 109.5 
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H(20A)-C(20A)-H(20C) 109.5 H(20D)-C(20B)-H(20F) 109.5 
H(20B)-C(20A)-H(20C) 109.5 H(20E)-C(20B)-H(20F) 109.5 
C(22A)-C(21A)-C(26A) 116.6(12) C(22B)-C(21B)-C(26B) 116.2(13) 
C(22A)-C(21A)-B(1A) 123.5(12) C(22B)-C(21B)-B(1B) 123.7(13) 
C(26A)-C(21A)-B(1A) 119.9(11) C(26B)-C(21B)-B(1B) 120.1(13) 
C(23A)-C(22A)-C(21A) 123.4(14) C(23B)-C(22B)-C(21B) 120.6(14) 
C(23A)-C(22A)-C(27A) 115.8(13) C(23B)-C(22B)-C(27B) 118.0(13) 
C(21A)-C(22A)-C(27A) 120.8(13) C(21B)-C(22B)-C(27B) 121.3(13) 
C(22A)-C(23A)-C(24A) 122.2(14) C(24B)-C(23B)-C(22B) 124.0(14) 
C(22A)-C(23A)-H(23A) 118.9 C(24B)-C(23B)-H(23B) 118 
C(24A)-C(23A)-H(23A) 118.9 C(22B)-C(23B)-H(23B) 118 
C(25A)-C(24A)-C(23A) 117.1(14) C(23B)-C(24B)-C(25B) 116.6(13) 
C(25A)-C(24A)-C(28A) 119.1(15) C(23B)-C(24B)-C(28B) 123.8(13) 
C(23A)-C(24A)-C(28A) 123.8(15) C(25B)-C(24B)-C(28B) 119.6(13) 
C(24A)-C(25A)-C(26A) 123.0(14) C(26B)-C(25B)-C(24B) 120.6(14) 
C(24A)-C(25A)-H(25A) 118.5 C(26B)-C(25B)-H(25B) 119.7 
C(26A)-C(25A)-H(25A) 118.5 C(24B)-C(25B)-H(25B) 119.7 
C(25A)-C(26A)-C(29A) 118.1(13) C(25B)-C(26B)-C(21B) 122.0(13) 
C(25A)-C(26A)-C(21A) 117.4(13) C(25B)-C(26B)-C(29B) 117.5(13) 
C(29A)-C(26A)-C(21A) 124.5(12) C(21B)-C(26B)-C(29B) 120.4(12) 
C(22A)-C(27A)-H(27A) 109.5 C(22B)-C(27B)-H(27D) 109.5 
C(22A)-C(27A)-H(27B) 109.5 C(22B)-C(27B)-H(27E) 109.5 
H(27A)-C(27A)-H(27B) 109.5 H(27D)-C(27B)-H(27E) 109.5 
C(22A)-C(27A)-H(27C) 109.5 C(22B)-C(27B)-H(27F) 109.5 
H(27A)-C(27A)-H(27C) 109.5 H(27D)-C(27B)-H(27F) 109.5 
H(27B)-C(27A)-H(27C) 109.5 H(27E)-C(27B)-H(27F) 109.5 
C(24A)-C(28A)-H(28A) 109.5 C(24B)-C(28B)-H(28D) 109.5 
C(24A)-C(28A)-H(28B) 109.5 C(24B)-C(28B)-H(28E) 109.5 
H(28A)-C(28A)-H(28B) 109.5 H(28D)-C(28B)-H(28E) 109.5 
C(24A)-C(28A)-H(28C) 109.5 C(24B)-C(28B)-H(28F) 109.5 
H(28A)-C(28A)-H(28C) 109.5 H(28D)-C(28B)-H(28F) 109.5 
H(28B)-C(28A)-H(28C) 109.5 H(28E)-C(28B)-H(28F) 109.5 
C(26A)-C(29A)-H(29A) 109.5 C(26B)-C(29B)-H(29D) 109.5 
C(26A)-C(29A)-H(29B) 109.5 C(26B)-C(29B)-H(29E) 109.5 
H(29A)-C(29A)-H(29B) 109.5 H(29D)-C(29B)-H(29E) 109.5 
C(26A)-C(29A)-H(29C) 109.5 C(26B)-C(29B)-H(29F) 109.5 
H(29A)-C(29A)-H(29C) 109.5 H(29D)-C(29B)-H(29F) 109.5 
H(29B)-C(29A)-H(29C) 109.5 H(29E)-C(29B)-H(29F) 109.5 
Si(1A)-C(30A)-H(30A) 109.5 Si(1B)-C(30B)-H(30D) 109.5 
Si(1A)-C(30A)-H(30B) 109.5 Si(1B)-C(30B)-H(30E) 109.5 
H(30A)-C(30A)-H(30B) 109.5 H(30D)-C(30B)-H(30E) 109.5 
Si(1A)-C(30A)-H(30C) 109.5 Si(1B)-C(30B)-H(30F) 109.5 
H(30A)-C(30A)-H(30C) 109.5 H(30D)-C(30B)-H(30F) 109.5 
H(30B)-C(30A)-H(30C) 109.5 H(30E)-C(30B)-H(30F) 109.5 
Si(1A)-C(31A)-H(31A) 109.5 Si(1B)-C(31B)-H(31D) 109.5 
Si(1A)-C(31A)-H(31B) 109.5 Si(1B)-C(31B)-H(31E) 109.5 
H(31A)-C(31A)-H(31B) 109.5 H(31D)-C(31B)-H(31E) 109.5 
Si(1A)-C(31A)-H(31C) 109.5 Si(1B)-C(31B)-H(31F) 109.5 
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H(31A)-C(31A)-H(31C) 109.5 H(31D)-C(31B)-H(31F) 109.5 
H(31B)-C(31A)-H(31C) 109.5 H(31E)-C(31B)-H(31F) 109.5 
C(36A)-C(32A)-C(33A) 106.7(13) C(33B)-C(32B)-C(36B) 106.1(13) 
C(36A)-C(32A)-Si(1A) 122.2(11) C(33B)-C(32B)-Si(1B) 123.8(11) 
C(33A)-C(32A)-Si(1A) 122.0(12) C(36B)-C(32B)-Si(1B) 119.8(10) 
C(36A)-C(32A)-Ti(1A) 73.5(9) C(33B)-C(32B)-Ti(1B) 74.0(8) 
C(33A)-C(32A)-Ti(1A) 74.0(9) C(36B)-C(32B)-Ti(1B) 72.6(8) 
Si(1A)-C(32A)-Ti(1A) 90.8(6) Si(1B)-C(32B)-Ti(1B) 89.9(5) 
C(34A)-C(33A)-C(32A) 109.7(13) C(32B)-C(33B)-C(34B) 107.7(13) 
C(34A)-C(33A)-C(37A) 123.0(13) C(32B)-C(33B)-C(37B) 126.0(13) 
C(32A)-C(33A)-C(37A) 127.2(13) C(34B)-C(33B)-C(37B) 126.2(14) 
C(34A)-C(33A)-Ti(1A) 73.9(9) C(32B)-C(33B)-Ti(1B) 70.7(8) 
C(32A)-C(33A)-Ti(1A) 69.3(8) C(34B)-C(33B)-Ti(1B) 75.3(8) 
C(37A)-C(33A)-Ti(1A) 121.2(10) C(37B)-C(33B)-Ti(1B) 122.2(11) 
C(33A)-C(34A)-C(38A) 130.7(16) C(35B)-C(34B)-C(33B) 110.1(13) 
C(33A)-C(34A)-C(35A) 107.0(13) C(35B)-C(34B)-C(38B) 125.9(15) 
C(38A)-C(34A)-C(35A) 121.8(15) C(33B)-C(34B)-C(38B) 124.0(15) 
C(33A)-C(34A)-Ti(1A) 71.6(8) C(35B)-C(34B)-Ti(1B) 73.6(9) 
C(38A)-C(34A)-Ti(1A) 126.1(11) C(33B)-C(34B)-Ti(1B) 69.6(8) 
C(35A)-C(34A)-Ti(1A) 73.7(8) C(38B)-C(34B)-Ti(1B) 123.2(11) 
C(36A)-C(35A)-C(39A) 127.4(14) C(34B)-C(35B)-C(36B) 107.2(14) 
C(36A)-C(35A)-C(34A) 106.2(12) C(34B)-C(35B)-C(39B) 127.3(15) 
C(39A)-C(35A)-C(34A) 126.4(14) C(36B)-C(35B)-C(39B) 125.3(16) 
C(36A)-C(35A)-Ti(1A) 68.6(8) C(34B)-C(35B)-Ti(1B) 73.2(9) 
C(39A)-C(35A)-Ti(1A) 125.5(11) C(36B)-C(35B)-Ti(1B) 69.1(8) 
C(34A)-C(35A)-Ti(1A) 69.9(8) C(39B)-C(35B)-Ti(1B) 126.1(11) 
C(35A)-C(36A)-C(32A) 110.1(13) C(35B)-C(36B)-C(32B) 108.8(14) 
C(35A)-C(36A)-C(40A) 122.9(13) C(35B)-C(36B)-C(40B) 125.2(14) 
C(32A)-C(36A)-C(40A) 127.0(14) C(32B)-C(36B)-C(40B) 126.0(13) 
C(35A)-C(36A)-Ti(1A) 76.7(9) C(35B)-C(36B)-Ti(1B) 76.3(9) 
C(32A)-C(36A)-Ti(1A) 70.4(9) C(32B)-C(36B)-Ti(1B) 70.5(8) 
C(40A)-C(36A)-Ti(1A) 121.4(11) C(40B)-C(36B)-Ti(1B) 120.8(10) 
C(33A)-C(37A)-H(37A) 109.5 C(33B)-C(37B)-H(37D) 109.5 
C(33A)-C(37A)-H(37B) 109.5 C(33B)-C(37B)-H(37E) 109.5 
H(37A)-C(37A)-H(37B) 109.5 H(37D)-C(37B)-H(37E) 109.5 
C(33A)-C(37A)-H(37C) 109.5 C(33B)-C(37B)-H(37F) 109.5 
H(37A)-C(37A)-H(37C) 109.5 H(37D)-C(37B)-H(37F) 109.5 
H(37B)-C(37A)-H(37C) 109.5 H(37E)-C(37B)-H(37F) 109.5 
C(34A)-C(38A)-H(38A) 109.5 C(34B)-C(38B)-H(38D) 109.5 
C(34A)-C(38A)-H(38B) 109.5 C(34B)-C(38B)-H(38E) 109.5 
H(38A)-C(38A)-H(38B) 109.5 H(38D)-C(38B)-H(38E) 109.5 
C(34A)-C(38A)-H(38C) 109.5 C(34B)-C(38B)-H(38F) 109.5 
H(38A)-C(38A)-H(38C) 109.5 H(38D)-C(38B)-H(38F) 109.5 
H(38B)-C(38A)-H(38C) 109.5 H(38E)-C(38B)-H(38F) 109.5 
C(35A)-C(39A)-H(39A) 109.5 C(35B)-C(39B)-H(39D) 109.5 
C(35A)-C(39A)-H(39B) 109.5 C(35B)-C(39B)-H(39E) 109.5 
H(39A)-C(39A)-H(39B) 109.5 H(39D)-C(39B)-H(39E) 109.5 
C(35A)-C(39A)-H(39C) 109.5 C(35B)-C(39B)-H(39F) 109.5 
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H(39A)-C(39A)-H(39C) 109.5 H(39D)-C(39B)-H(39F) 109.5 
H(39B)-C(39A)-H(39C) 109.5 H(39E)-C(39B)-H(39F) 109.5 
C(36A)-C(40A)-H(40A) 109.5 C(36B)-C(40B)-H(40D) 109.5 
C(36A)-C(40A)-H(40B) 109.5 C(36B)-C(40B)-H(40E) 109.5 
H(40A)-C(40A)-H(40B) 109.5 H(40D)-C(40B)-H(40E) 109.5 
C(36A)-C(40A)-H(40C) 109.5 C(36B)-C(40B)-H(40F) 109.5 
H(40A)-C(40A)-H(40C) 109.5 H(40D)-C(40B)-H(40F) 109.5 
H(40B)-C(40A)-H(40C) 109.5 H(40E)-C(40B)-H(40F) 109.5 
 
Table S6.4 Anisotropic displacement parameters (Å2 ×103) for Ti-2. The anisotropic 
displacement factor exponent takes the form: -2 pi2[h2 a*2 U11 + ... + 2 h k a* b* U12]. 
 U11 U22 U33 U23 U13 U12 
Ti(1A) 12(1) 18(1) 15(1) 0(1) 5(1) -1(1) 
Cl(1A) 35(2) 28(2) 25(2) -9(2) 8(2) 0(2) 
Cl(2A) 24(2) 30(2) 25(2) 10(2) 8(2) -1(2) 
Si(1A) 13(2) 17(2) 21(2) 3(2) 2(2) -3(2) 
C(1A) 13(5) 19(6) 21(6) -2(5) -1(4) 3(5) 
N(1A) 6(6) 17(7) 27(8) 9(6) -3(5) -2(5) 
B(1A) 17(8) 13(9) 12(9) 7(7) 1(6) 1(7) 
N(2A) 13(6) 19(7) 40(9) -5(6) 7(6) 1(5) 
C(2A) 20(8) 15(8) 13(8) 1(6) 3(6) 0(6) 
C(3A) 21(8) 30(9) 6(8) -8(7) 1(6) 0(7) 
C(4A) 22(6) 15(6) 15(6) 6(5) 2(5) 1(5) 
C(5A) 22(8) 30(10) 32(10) 2(8) 13(7) -3(7) 
C(6A) 8(5) 13(5) 15(6) -1(5) 3(4) 5(4) 
C(7A) 13(5) 17(6) 10(5) -4(5) 0(4) 2(5) 
C(8A) 9(7) 34(9) 13(8) -1(7) 3(6) -1(6) 
C(9A) 16(5) 20(6) 27(6) 1(5) 8(5) -4(5) 
C(10A) 17(5) 14(6) 14(6) -3(5) 3(4) -1(5) 
C(11A) 15(5) 19(6) 12(5) 2(5) 1(4) 3(5) 
C(12A) 19(5) 16(6) 6(5) 4(4) 3(4) -1(5) 
C(13A) 29(8) 16(8) 17(9) -5(6) 7(6) 4(7) 
C(14A) 24(6) 16(6) 14(6) -1(5) 7(5) -5(5) 
C(15A) 18(5) 22(6) 14(6) -9(5) 1(4) -2(5) 
C(16A) 19(8) 20(8) 20(9) 3(7) 1(6) 4(6) 
C(17A) 19(7) 21(8) 6(7) 0(6) 2(5) 5(6) 
C(18A) 39(10) 20(9) 20(9) 5(7) -1(7) -2(7) 
C(19A) 31(9) 37(10) 21(9) -13(8) -10(7) -1(8) 
C(20A) 40(10) 15(8) 16(9) -3(6) 4(7) -6(7) 
C(21A) 12(5) 11(5) 3(5) 0(4) -1(4) -2(4) 
C(22A) 21(6) 18(6) 13(6) -4(5) 6(4) -3(5) 
C(23A) 35(9) 22(9) 9(8) -4(6) 11(6) -4(7) 
C(24A) 28(9) 9(8) 37(10) 3(7) 9(7) 2(7) 
C(25A) 18(8) 23(9) 23(9) 7(7) -4(6) -2(6) 
C(26A) 13(5) 14(5) 22(6) -3(5) 6(4) 1(5) 
C(27A) 22(8) 30(10) 38(11) 6(8) 0(7) 6(7) 
C(28A) 18(8) 26(10) 68(14) -21(9) 12(8) 3(7) 
C(29A) 14(8) 26(10) 64(13) 3(9) 9(8) 6(7) 
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C(30A) 8(7) 27(9) 63(13) 2(9) 7(7) -3(7) 
C(31A) 38(10) 22(9) 46(12) 3(8) -5(8) -15(8) 
C(32A) 11(7) 19(8) 47(11) -8(8) 7(7) -3(6) 
C(33A) 15(5) 18(6) 15(6) 0(5) 10(4) 4(5) 
C(34A) 16(8) 20(8) 45(11) 4(8) 13(7) -5(7) 
C(35A) 23(8) 32(9) 8(8) -4(7) -1(6) 8(7) 
C(36A) 34(9) 24(9) 7(8) 3(7) 4(6) 2(7) 
C(37A) 25(9) 17(9) 48(12) -7(8) 12(8) 2(7) 
C(38A) 19(8) 22(9) 58(13) 15(8) 7(8) 9(7) 
C(39A) 23(9) 39(11) 37(11) -4(9) -4(7) -16(8) 
C(40A) 26(6) 31(6) 11(6) 1(5) 4(5) 1(5) 
Ti(1B) 12(1) 18(1) 17(2) 1(1) 3(1) 1(1) 
Cl(1B) 29(2) 27(2) 32(2) 12(2) 3(2) 1(2) 
Cl(2B) 23(2) 42(3) 29(2) -17(2) 7(2) -5(2) 
Si(1B) 16(2) 17(2) 23(2) -1(2) 7(2) 2(2) 
N(1B) 10(6) 21(7) 13(7) -4(5) 1(5) 0(5) 
C(1B) 8(5) 16(6) 16(6) 1(5) 6(4) 1(4) 
B(1B) 15(6) 12(6) 9(6) -2(5) -1(5) 2(5) 
N(2B) 15(5) 13(5) 9(5) 1(4) 4(4) -1(4) 
C(2B) 9(7) 22(8) 18(8) 14(6) 6(6) 4(6) 
C(3B) 9(7) 23(8) 12(8) -3(6) 3(5) 4(6) 
C(4B) 28(8) 18(8) 15(8) 2(7) 2(6) 2(7) 
C(5B) 19(8) 11(8) 29(9) 7(6) 3(6) 6(6) 
C(6B) 20(8) 4(7) 24(9) -5(6) 4(6) 2(6) 
C(7B) 19(5) 10(5) 18(6) -3(5) 5(4) -5(5) 
C(8B) 21(6) 21(6) 16(6) 0(5) 4(5) -1(5) 
C(9B) 23(8) 12(7) 20(9) -1(6) 5(6) 5(6) 
C(10B) 22(8) 14(8) 21(9) 5(6) 8(6) 5(6) 
C(11B) 10(7) 9(7) 24(8) 1(6) 4(6) 3(6) 
C(12B) 14(5) 14(6) 16(6) 7(5) 3(4) -4(5) 
C(13B) 13(7) 16(8) 32(10) 2(7) 8(6) 4(6) 
C(14B) 22(8) 20(8) 4(7) 6(6) 3(5) 8(6) 
C(15B) 17(8) 23(9) 38(11) 10(8) 3(7) -6(7) 
C(16B) 10(7) 10(7) 32(9) 8(7) 3(6) -2(6) 
C(17B) 22(8) 10(7) 15(8) 5(6) 2(6) -5(6) 
C(18B) 16(7) 6(7) 36(10) -2(7) 4(6) 5(6) 
C(19B) 17(5) 22(6) 26(6) 6(5) -3(5) 1(5) 
C(20B) 19(5) 18(6) 16(6) 4(5) 4(5) -2(5) 
C(21B) 26(8) 6(7) 23(9) 5(6) 5(6) 0(6) 
C(22B) 20(8) 14(8) 13(8) 0(6) -4(6) 3(6) 
C(23B) 18(8) 18(8) 32(10) 3(7) -4(7) 0(7) 
C(24B) 19(7) 9(7) 17(8) 0(6) 4(6) 6(6) 
C(25B) 9(7) 10(7) 31(9) 1(7) 8(6) -1(6) 
C(26B) 6(7) 10(7) 24(9) 4(6) -4(6) 1(6) 
C(27B) 20(8) 18(8) 23(9) -3(7) 5(6) -9(6) 
C(28B) 18(6) 19(6) 29(6) -2(5) 0(5) -5(5) 
C(29B) 23(5) 18(6) 10(5) 4(5) 8(4) -2(5) 
C(30B) 39(10) 21(9) 49(12) -13(8) 20(9) 3(8) 
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C(31B) 17(8) 21(9) 52(12) -1(8) 4(7) 7(7) 
C(32B) 19(7) 17(8) 14(8) 0(6) 0(6) -7(6) 
C(33B) 18(7) 13(8) 25(9) 4(6) 10(6) -1(6) 
C(34B) 20(8) 20(8) 29(10) 5(7) 12(7) -2(6) 
C(35B) 15(8) 13(8) 49(12) -2(7) -3(7) -2(6) 
C(36B) 8(7) 19(8) 34(10) -2(7) 0(6) -3(6) 
C(37B) 32(10) 41(11) 42(12) 11(9) 27(8) 13(8) 
C(38B) 13(8) 29(10) 64(13) -8(9) 15(8) 3(7) 
C(39B) 27(6) 35(7) 36(7) 3(5) -6(5) -3(5) 
C(40B) 52(11) 35(10) 15(9) 0(8) 11(8) -6(9) 
 
Table S6.5 Hydrogen coordinates (x104) and isotropic displacement parameters (Å2 
x 103) for Ti-2. 
 x y z U(eq) 
H(3A) 5107 4172 4506 23 
H(4A) 4503 2520 4460 21 
H(5A) 3808 3553 4182 32 
H(8A) 6111 7593 4083 22 
H(9A) 6068 10058 4408 24 
H(10A) 5429 10774 4684 18 
H(11A) 4855 9044 4618 18 
H(14A) 4412 2364 2947 21 
H(16A) 4383 6972 2587 24 
H(18A) 4957 1201 3431 41 
H(18B) 5172 2249 3876 41 
H(18C) 5423 1977 3445 41 
H(19A) 3704 5317 2378 47 
H(19B) 3748 3445 2437 47 
H(19C) 3952 4324 2036 47 
H(20A) 4996 8596 2863 35 
H(20B) 5368 8041 3289 35 
H(20C) 4910 8606 3397 35 
H(23A) 6600 3325 3063 25 
H(25A) 6718 2390 4456 27 
H(27A) 6140 5349 2699 46 
H(27B) 5743 5928 2934 46 
H(27C) 5731 4226 2691 46 
H(28A) 7050 589 3704 55 
H(28B) 7317 1797 4075 55 
H(28C) 7281 2082 3517 55 
H(29A) 5867 3094 4719 51 
H(29B) 5930 4962 4694 51 
H(29C) 6327 3869 4925 51 
H(30A) 4159 9523 3535 49 
H(30B) 3726 10405 3291 49 
H(30C) 3825 8663 3126 49 
H(31A) 3624 9211 4663 55 
H(31B) 3548 10775 4347 55 
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H(31C) 4017 9980 4459 55 
H(37A) 2436 8791 4522 44 
H(37B) 2934 9215 4541 44 
H(37C) 2800 7489 4687 44 
H(38A) 2062 6005 4260 49 
H(38B) 1928 5085 3768 49 
H(38C) 1742 6815 3829 49 
H(39A) 1928 6423 2668 51 
H(39B) 1981 4898 3003 51 
H(39C) 2314 5206 2652 51 
H(40A) 3018 8683 2669 34 
H(40B) 2774 7078 2490 34 
H(40C) 3256 7026 2788 34 
H(3B) 10157 8884 4501 18 
H(4B) 9565 10622 4459 25 
H(5B) 8867 9562 4241 24 
H(8B) 11149 5551 4087 23 
H(9B) 11134 3128 4468 22 
H(10B) 10506 2367 4719 22 
H(11B) 9912 4079 4648 17 
H(14B) 9364 10479 2980 18 
H(16B) 9364 5899 2622 21 
H(18D) 10338 11226 3333 30 
H(18E) 10292 10473 3834 30 
H(18F) 9915 11567 3554 30 
H(19D) 8695 9262 2547 34 
H(19E) 8693 7423 2423 34 
H(19F) 8898 8662 2105 34 
H(20D) 9931 4253 3362 26 
H(20E) 10385 4901 3267 26 
H(20F) 10021 4361 2831 26 
H(23B) 11715 10819 4280 29 
H(25B) 11588 9463 2912 20 
H(27D) 11326 9707 4806 30 
H(27E) 10986 8324 4638 30 
H(27F) 10841 10127 4560 30 
H(28D) 12004 12252 3348 34 
H(28E) 12296 10698 3375 34 
H(28F) 12263 11650 3849 34 
H(29D) 11072 7795 2563 25 
H(29E) 10614 8008 2725 25 
H(29F) 10915 6534 2912 25 
H(30D) 8877 4640 3183 52 
H(30E) 8653 2970 3232 52 
H(30F) 9130 3307 3519 52 
H(31D) 8770 3983 4742 45 
H(31E) 9113 3118 4479 45 
H(31F) 8638 2395 4449 45 
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H(37D) 7807 3458 4637 54 
H(37E) 7620 5077 4803 54 
H(37F) 8125 4915 4790 54 
H(38D) 7022 7939 4118 52 
H(38E) 7137 6606 4517 52 
H(38F) 6776 6279 4057 52 
H(39D) 6932 7988 3244 51 
H(39E) 6911 6524 2888 51 
H(39F) 7260 7892 2878 51 
H(40D) 7744 6154 2639 50 
H(40E) 7908 4387 2754 50 
H(40F) 8231 5836 2899 50 
 
Table S6.6 Torsion angles [º] for Ti-2. 
Cl(2A)-Ti(1A)-Si(1A)-N(1A) 70.3(7) Cl(2B)-Ti(1B)-Si(1B)-N(1B) -70.3(7) 
Cl(1A)-Ti(1A)-Si(1A)-N(1A) -67.2(7) Cl(1B)-Ti(1B)-Si(1B)-N(1B) 67.1(7) 
C(32A)-Ti(1A)-Si(1A)-N(1A) -178.0(10) C(32B)-Ti(1B)-Si(1B)-N(1B) -179.0(9) 
C(36A)-Ti(1A)-Si(1A)-N(1A) -145.2(8) C(36B)-Ti(1B)-Si(1B)-N(1B) 146.7(8) 
C(33A)-Ti(1A)-Si(1A)-N(1A) 148.6(8) C(33B)-Ti(1B)-Si(1B)-N(1B) -147.9(8) 
C(34A)-Ti(1A)-Si(1A)-N(1A) 162.9(8) C(34B)-Ti(1B)-Si(1B)-N(1B) -164.7(8) 
C(35A)-Ti(1A)-Si(1A)-N(1A) -160.4(8) C(35B)-Ti(1B)-Si(1B)-N(1B) 161.9(8) 
N(1A)-Ti(1A)-Si(1A)-C(30A) 85.4(10) N(1B)-Ti(1B)-Si(1B)-C(31B) 86.2(9) 
Cl(2A)-Ti(1A)-Si(1A)-C(30A) 155.7(7) Cl(2B)-Ti(1B)-Si(1B)-C(31B) 15.9(7) 
Cl(1A)-Ti(1A)-Si(1A)-C(30A) 18.2(7) Cl(1B)-Ti(1B)-Si(1B)-C(31B) 153.3(6) 
C(32A)-Ti(1A)-Si(1A)-C(30A) -92.6(10) C(32B)-Ti(1B)-Si(1B)-C(31B) -92.8(9) 
C(36A)-Ti(1A)-Si(1A)-C(30A) -59.8(8) C(36B)-Ti(1B)-Si(1B)-C(31B) -127.1(8) 
C(33A)-Ti(1A)-Si(1A)-C(30A) -126.0(8) C(33B)-Ti(1B)-Si(1B)-C(31B) -61.8(8) 
C(34A)-Ti(1A)-Si(1A)-C(30A) -111.7(8) C(34B)-Ti(1B)-Si(1B)-C(31B) -78.5(7) 
C(35A)-Ti(1A)-Si(1A)-C(30A) -75.0(7) C(35B)-Ti(1B)-Si(1B)-C(31B) -111.9(8) 
N(1A)-Ti(1A)-Si(1A)-C(31A) -87.7(10) N(1B)-Ti(1B)-Si(1B)-C(30B) -87.3(10) 
Cl(2A)-Ti(1A)-Si(1A)-C(31A) -17.4(8) Cl(2B)-Ti(1B)-Si(1B)-C(30B) -157.6(7) 
Cl(1A)-Ti(1A)-Si(1A)-C(31A) -154.9(7) Cl(1B)-Ti(1B)-Si(1B)-C(30B) -20.2(7) 
C(32A)-Ti(1A)-Si(1A)-C(31A) 94.3(10) C(32B)-Ti(1B)-Si(1B)-C(30B) 93.7(9) 
C(36A)-Ti(1A)-Si(1A)-C(31A) 127.1(8) C(36B)-Ti(1B)-Si(1B)-C(30B) 59.5(8) 
C(33A)-Ti(1A)-Si(1A)-C(31A) 60.9(8) C(33B)-Ti(1B)-Si(1B)-C(30B) 124.8(8) 
C(34A)-Ti(1A)-Si(1A)-C(31A) 75.2(8) C(34B)-Ti(1B)-Si(1B)-C(30B) 108.0(8) 
C(35A)-Ti(1A)-Si(1A)-C(31A) 111.9(8) C(35B)-Ti(1B)-Si(1B)-C(30B) 74.6(8) 
N(1A)-Ti(1A)-Si(1A)-C(32A) 178.0(10) N(1B)-Ti(1B)-Si(1B)-C(32B) 179.0(9) 
Cl(2A)-Ti(1A)-Si(1A)-C(32A) -111.7(7) Cl(2B)-Ti(1B)-Si(1B)-C(32B) 108.7(6) 
Cl(1A)-Ti(1A)-Si(1A)-C(32A) 110.8(7) Cl(1B)-Ti(1B)-Si(1B)-C(32B) -113.8(6) 
C(36A)-Ti(1A)-Si(1A)-C(32A) 32.8(8) C(36B)-Ti(1B)-Si(1B)-C(32B) -34.2(7) 
C(33A)-Ti(1A)-Si(1A)-C(32A) -33.4(8) C(33B)-Ti(1B)-Si(1B)-C(32B) 31.1(7) 
C(34A)-Ti(1A)-Si(1A)-C(32A) -19.0(8) C(34B)-Ti(1B)-Si(1B)-C(32B) 14.3(7) 
C(35A)-Ti(1A)-Si(1A)-C(32A) 17.6(8) C(35B)-Ti(1B)-Si(1B)-C(32B) -19.1(7) 
N(2A)-C(1A)-N(1A)-Si(1A) -8.1(19) C(31B)-Si(1B)-N(1B)-C(1B) 64.9(12) 
C(5A)-C(1A)-N(1A)-Si(1A) 174.7(12) C(30B)-Si(1B)-N(1B)-C(1B) -64.2(13) 
N(2A)-C(1A)-N(1A)-Ti(1A) 174.3(11) C(32B)-Si(1B)-N(1B)-C(1B) 179.1(11) 
C(5A)-C(1A)-N(1A)-Ti(1A) -3(2) Ti(1B)-Si(1B)-N(1B)-C(1B) 179.8(14) 
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C(30A)-Si(1A)-N(1A)-C(1A) 63.7(14) C(31B)-Si(1B)-N(1B)-Ti(1B) -114.9(7) 
C(31A)-Si(1A)-N(1A)-C(1A) -63.2(14) C(30B)-Si(1B)-N(1B)-Ti(1B) 116.0(8) 
C(32A)-Si(1A)-N(1A)-C(1A) -179.7(13) C(32B)-Si(1B)-N(1B)-Ti(1B) -0.8(7) 
Ti(1A)-Si(1A)-N(1A)-C(1A) -178.1(16) Cl(2B)-Ti(1B)-N(1B)-C(1B) -55.9(13) 
C(30A)-Si(1A)-N(1A)-Ti(1A) -118.2(8) Cl(1B)-Ti(1B)-N(1B)-C(1B) 53.3(13) 
C(31A)-Si(1A)-N(1A)-Ti(1A) 115.0(8) C(32B)-Ti(1B)-N(1B)-C(1B) -179.1(13) 
C(32A)-Si(1A)-N(1A)-Ti(1A) -1.5(8) C(36B)-Ti(1B)-N(1B)-C(1B) 150.1(12) 
Cl(2A)-Ti(1A)-N(1A)-C(1A) 54.3(14) C(33B)-Ti(1B)-N(1B)-C(1B) -150.7(12) 
Cl(1A)-Ti(1A)-N(1A)-C(1A) -55.0(14) C(34B)-Ti(1B)-N(1B)-C(1B) -160.0(11) 
C(32A)-Ti(1A)-N(1A)-C(1A) 179.2(15) C(35B)-Ti(1B)-N(1B)-C(1B) 156.8(12) 
C(36A)-Ti(1A)-N(1A)-C(1A) -150.9(13) Si(1B)-Ti(1B)-N(1B)-C(1B) -179.8(16) 
C(33A)-Ti(1A)-N(1A)-C(1A) 149.5(13) Cl(2B)-Ti(1B)-N(1B)-Si(1B) 123.9(5) 
C(34A)-Ti(1A)-N(1A)-C(1A) 155.7(12) Cl(1B)-Ti(1B)-N(1B)-Si(1B) -126.9(5) 
C(35A)-Ti(1A)-N(1A)-C(1A) -156.9(12) C(32B)-Ti(1B)-N(1B)-Si(1B) 0.7(6) 
Si(1A)-Ti(1A)-N(1A)-C(1A) 177.9(18) C(36B)-Ti(1B)-N(1B)-Si(1B) -30.1(7) 
Cl(2A)-Ti(1A)-N(1A)-Si(1A) -123.6(5) C(33B)-Ti(1B)-N(1B)-Si(1B) 29.0(7) 
Cl(1A)-Ti(1A)-N(1A)-Si(1A) 127.1(6) C(34B)-Ti(1B)-N(1B)-Si(1B) 19.8(10) 
C(32A)-Ti(1A)-N(1A)-Si(1A) 1.3(7) C(35B)-Ti(1B)-N(1B)-Si(1B) -23.4(10) 
C(36A)-Ti(1A)-N(1A)-Si(1A) 31.2(7) Si(1B)-N(1B)-C(1B)-N(2B) 4.0(17) 
C(33A)-Ti(1A)-N(1A)-Si(1A) -28.4(7) Ti(1B)-N(1B)-C(1B)-N(2B) -176.2(9) 
C(34A)-Ti(1A)-N(1A)-Si(1A) -22.2(10) Si(1B)-N(1B)-C(1B)-C(5B) -174.8(11) 
C(35A)-Ti(1A)-N(1A)-Si(1A) 25.2(10) Ti(1B)-N(1B)-C(1B)-C(5B) 5(2) 
C(5A)-C(1A)-N(2A)-C(2A) 1(2) C(5B)-C(1B)-N(2B)-C(2B) -1(2) 
N(1A)-C(1A)-N(2A)-C(2A) -176.2(13) N(1B)-C(1B)-N(2B)-C(2B) -179.3(12) 
C(1A)-N(2A)-C(2A)-C(3A) -2(2) C(1B)-N(2B)-C(2B)-C(3B) 1.9(19) 
C(1A)-N(2A)-C(2A)-C(6A) 178.8(13) C(1B)-N(2B)-C(2B)-C(6B) 179.8(12) 
N(2A)-C(2A)-C(3A)-C(4A) 1(2) N(2B)-C(2B)-C(3B)-C(4B) -3(2) 
C(6A)-C(2A)-C(3A)-C(4A) -179.9(13) C(6B)-C(2B)-C(3B)-C(4B) 179.3(13) 
C(2A)-C(3A)-C(4A)-C(5A) 1(2) C(2B)-C(3B)-C(4B)-C(5B) 2(2) 
N(2A)-C(1A)-C(5A)-C(4A) 1(2) C(3B)-C(4B)-C(5B)-C(1B) -1(2) 
N(1A)-C(1A)-C(5A)-C(4A) 178.2(14) N(2B)-C(1B)-C(5B)-C(4B) 0(2) 
C(3A)-C(4A)-C(5A)-C(1A) -2(2) N(1B)-C(1B)-C(5B)-C(4B) 178.8(13) 
N(2A)-C(2A)-C(6A)-C(11A) 43.9(19) N(2B)-C(2B)-C(6B)-C(7B) 138.0(14) 
C(3A)-C(2A)-C(6A)-C(11A) -135.1(15) C(3B)-C(2B)-C(6B)-C(7B) -44(2) 
N(2A)-C(2A)-C(6A)-C(7A) -136.2(14) N(2B)-C(2B)-C(6B)-C(11B) -47.6(18) 
C(3A)-C(2A)-C(6A)-C(7A) 45(2) C(3B)-C(2B)-C(6B)-C(11B) 130.3(15) 
C(11A)-C(6A)-C(7A)-C(8A) 3.9(19) C(11B)-C(6B)-C(7B)-C(8B) -2(2) 
C(2A)-C(6A)-C(7A)-C(8A) -175.9(12) C(2B)-C(6B)-C(7B)-C(8B) 172.0(13) 
C(11A)-C(6A)-C(7A)-B(1A) -161.1(13) C(11B)-C(6B)-C(7B)-B(1B) 161.7(13) 
C(2A)-C(6A)-C(7A)-B(1A) 19(2) C(2B)-C(6B)-C(7B)-B(1B) -24(2) 
C(21A)-B(1A)-C(7A)-C(8A) 44.1(19) C(21B)-B(1B)-C(7B)-C(8B) -42.7(19) 
C(12A)-B(1A)-C(7A)-C(8A) -128.7(14) C(12B)-B(1B)-C(7B)-C(8B) 133.5(14) 
C(21A)-B(1A)-C(7A)-C(6A) -151.1(14) C(21B)-B(1B)-C(7B)-C(6B) 153.4(14) 
C(12A)-B(1A)-C(7A)-C(6A) 36(2) C(12B)-B(1B)-C(7B)-C(6B) -30(2) 
C(6A)-C(7A)-C(8A)-C(9A) -4(2) C(6B)-C(7B)-C(8B)-C(9B) 3(2) 
B(1A)-C(7A)-C(8A)-C(9A) 162.3(14) B(1B)-C(7B)-C(8B)-C(9B) -162.1(14) 
C(7A)-C(8A)-C(9A)-C(10A) 2(2) C(7B)-C(8B)-C(9B)-C(10B) 0(2) 
C(8A)-C(9A)-C(10A)-C(11A) 0(2) C(8B)-C(9B)-C(10B)-C(11B) -3(2) 
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C(9A)-C(10A)-C(11A)-C(6A) 0(2) C(9B)-C(10B)-C(11B)-C(6B) 3(2) 
C(7A)-C(6A)-C(11A)-C(10A) -2(2) C(7B)-C(6B)-C(11B)-C(10B) -1(2) 
C(2A)-C(6A)-C(11A)-C(10A) 177.6(13) C(2B)-C(6B)-C(11B)-C(10B) -175.1(13) 
C(7A)-B(1A)-C(12A)-C(17A) 45.5(19) C(21B)-B(1B)-C(12B)-C(17B) 126.7(16) 
C(21A)-B(1A)-C(12A)-C(17A) -127.2(15) C(7B)-B(1B)-C(12B)-C(17B) -49.4(19) 
C(7A)-B(1A)-C(12A)-C(13A) -130.8(15) C(21B)-B(1B)-C(12B)-C(13B) -57(2) 
C(21A)-B(1A)-C(12A)-C(13A) 56(2) C(7B)-B(1B)-C(12B)-C(13B) 127.4(14) 
C(17A)-C(12A)-C(13A)-C(14A) -3(2) C(17B)-C(12B)-C(13B)-C(14B) 6(2) 
B(1A)-C(12A)-C(13A)-C(14A) 173.2(14) B(1B)-C(12B)-C(13B)-C(14B) -170.6(14) 
C(17A)-C(12A)-C(13A)-C(18A) 177.7(14) C(17B)-C(12B)-C(13B)-C(18B) 179.5(14) 
B(1A)-C(12A)-C(13A)-C(18A) -6(2) B(1B)-C(12B)-C(13B)-C(18B) 3(2) 
C(12A)-C(13A)-C(14A)-C(15A) 4(2) C(12B)-C(13B)-C(14B)-C(15B) -8(2) 
C(18A)-C(13A)-C(14A)-C(15A) -176.5(14) C(18B)-C(13B)-C(14B)-C(15B) 178.6(14) 
C(13A)-C(14A)-C(15A)-C(16A) -1(2) C(13B)-C(14B)-C(15B)-C(16B) 3(2) 
C(13A)-C(14A)-C(15A)-C(19A) 178.4(15) C(13B)-C(14B)-C(15B)-C(19B) -175.7(15) 
C(14A)-C(15A)-C(16A)-C(17A) -4(2) C(14B)-C(15B)-C(16B)-C(17B) 3(2) 
C(19A)-C(15A)-C(16A)-C(17A) 177.0(15) C(19B)-C(15B)-C(16B)-C(17B) -178.0(15) 
C(13A)-C(12A)-C(17A)-C(16A) -1(2) C(15B)-C(16B)-C(17B)-C(12B) -4(2) 
B(1A)-C(12A)-C(17A)-C(16A) -177.6(14) C(15B)-C(16B)-C(17B)-C(20B) 177.1(14) 
C(13A)-C(12A)-C(17A)-C(20A) -179.9(14) C(13B)-C(12B)-C(17B)-C(16B) 0(2) 
B(1A)-C(12A)-C(17A)-C(20A) 4(2) B(1B)-C(12B)-C(17B)-C(16B) 176.6(14) 
C(15A)-C(16A)-C(17A)-C(12A) 5(2) C(13B)-C(12B)-C(17B)-C(20B) 178.1(13) 
C(15A)-C(16A)-C(17A)-C(20A) -176.4(14) B(1B)-C(12B)-C(17B)-C(20B) -5(2) 
C(7A)-B(1A)-C(21A)-C(22A) -125.4(15) C(12B)-B(1B)-C(21B)-C(22B) 129.4(15) 
C(12A)-B(1A)-C(21A)-C(22A) 47(2) C(7B)-B(1B)-C(21B)-C(22B) -55(2) 
C(7A)-B(1A)-C(21A)-C(26A) 52.8(19) C(12B)-B(1B)-C(21B)-C(26B) -50(2) 
C(12A)-B(1A)-C(21A)-C(26A) -134.8(14) C(7B)-B(1B)-C(21B)-C(26B) 126.3(14) 
C(26A)-C(21A)-C(22A)-C(23A) 5(2) C(26B)-C(21B)-C(22B)-C(23B) 3(2) 
B(1A)-C(21A)-C(22A)-C(23A) -176.7(14) B(1B)-C(21B)-C(22B)-C(23B) -176.1(14) 
C(26A)-C(21A)-C(22A)-C(27A) -178.0(13) C(26B)-C(21B)-C(22B)-C(27B) 179.9(13) 
B(1A)-C(21A)-C(22A)-C(27A) 0(2) B(1B)-C(21B)-C(22B)-C(27B) 1(2) 
C(21A)-C(22A)-C(23A)-C(24A) -2(2) C(21B)-C(22B)-C(23B)-C(24B) -3(2) 
C(27A)-C(22A)-C(23A)-C(24A) -178.6(14) C(27B)-C(22B)-C(23B)-C(24B) -180.0(13) 
C(22A)-C(23A)-C(24A)-C(25A) -2(2) C(22B)-C(23B)-C(24B)-C(25B) 1(2) 
C(22A)-C(23A)-C(24A)-C(28A) -179.7(15) C(22B)-C(23B)-C(24B)-C(28B) 178.7(14) 
C(23A)-C(24A)-C(25A)-C(26A) 1(2) C(23B)-C(24B)-C(25B)-C(26B) 1(2) 
C(28A)-C(24A)-C(25A)-C(26A) 179.2(14) C(28B)-C(24B)-C(25B)-C(26B) -176.7(13) 
C(24A)-C(25A)-C(26A)-C(29A) -178.4(14) C(24B)-C(25B)-C(26B)-C(21B) -1(2) 
C(24A)-C(25A)-C(26A)-C(21A) 2(2) C(24B)-C(25B)-C(26B)-C(29B) -177.0(12) 
C(22A)-C(21A)-C(26A)-C(25A) -5.3(19) C(22B)-C(21B)-C(26B)-C(25B) -1(2) 
B(1A)-C(21A)-C(26A)-C(25A) 176.4(13) B(1B)-C(21B)-C(26B)-C(25B) 178.1(13) 
C(22A)-C(21A)-C(26A)-C(29A) 175.4(14) C(22B)-C(21B)-C(26B)-C(29B) 174.7(12) 
B(1A)-C(21A)-C(26A)-C(29A) -3(2) B(1B)-C(21B)-C(26B)-C(29B) -6(2) 
N(1A)-Si(1A)-C(32A)-C(36A) -69.7(14) N(1B)-Si(1B)-C(32B)-C(33B) -69.9(13) 
C(30A)-Si(1A)-C(32A)-C(36A) 48.0(16) C(31B)-Si(1B)-C(32B)-C(33B) 44.9(15) 
C(31A)-Si(1A)-C(32A)-C(36A) 173.0(13) C(30B)-Si(1B)-C(32B)-C(33B) 172.3(12) 
Ti(1A)-Si(1A)-C(32A)-C(36A) -70.9(12) Ti(1B)-Si(1B)-C(32B)-C(33B) -70.6(12) 
N(1A)-Si(1A)-C(32A)-C(33A) 72.8(13) N(1B)-Si(1B)-C(32B)-C(36B) 70.4(12) 
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C(30A)-Si(1A)-C(32A)-C(33A) -169.5(12) C(31B)-Si(1B)-C(32B)-C(36B) -174.8(12) 
C(31A)-Si(1A)-C(32A)-C(33A) -44.5(15) C(30B)-Si(1B)-C(32B)-C(36B) -47.4(14) 
Ti(1A)-Si(1A)-C(32A)-C(33A) 71.6(12) Ti(1B)-Si(1B)-C(32B)-C(36B) 69.8(11) 
N(1A)-Si(1A)-C(32A)-Ti(1A) 1.2(6) N(1B)-Si(1B)-C(32B)-Ti(1B) 0.6(6) 
C(30A)-Si(1A)-C(32A)-Ti(1A) 118.9(8) C(31B)-Si(1B)-C(32B)-Ti(1B) 115.5(7) 
C(31A)-Si(1A)-C(32A)-Ti(1A) -116.1(7) C(30B)-Si(1B)-C(32B)-Ti(1B) -117.2(7) 
N(1A)-Ti(1A)-C(32A)-C(36A) 122.3(10) N(1B)-Ti(1B)-C(32B)-C(33B) 124.9(9) 
Cl(2A)-Ti(1A)-C(32A)-C(36A) -140.4(8) Cl(2B)-Ti(1B)-C(32B)-C(33B) 25.9(10) 
Cl(1A)-Ti(1A)-C(32A)-C(36A) 24.8(10) Cl(1B)-Ti(1B)-C(32B)-C(33B) -137.5(8) 
C(33A)-Ti(1A)-C(32A)-C(36A) -113.3(12) C(36B)-Ti(1B)-C(32B)-C(33B) -113.1(12) 
C(34A)-Ti(1A)-C(32A)-C(36A) -78.5(9) C(34B)-Ti(1B)-C(32B)-C(33B) -37.8(9) 
C(35A)-Ti(1A)-C(32A)-C(36A) -36.1(8) C(35B)-Ti(1B)-C(32B)-C(33B) -76.8(10) 
Si(1A)-Ti(1A)-C(32A)-C(36A) 123.5(11) Si(1B)-Ti(1B)-C(32B)-C(33B) 125.4(11) 
N(1A)-Ti(1A)-C(32A)-C(33A) -124.4(10) N(1B)-Ti(1B)-C(32B)-C(36B) -122.0(9) 
Cl(2A)-Ti(1A)-C(32A)-C(33A) -27.1(10) Cl(2B)-Ti(1B)-C(32B)-C(36B) 139.1(7) 
Cl(1A)-Ti(1A)-C(32A)-C(33A) 138.1(7) Cl(1B)-Ti(1B)-C(32B)-C(36B) -24.4(10) 
C(36A)-Ti(1A)-C(32A)-C(33A) 113.3(12) C(33B)-Ti(1B)-C(32B)-C(36B) 113.1(12) 
C(34A)-Ti(1A)-C(32A)-C(33A) 34.9(9) C(34B)-Ti(1B)-C(32B)-C(36B) 75.3(9) 
C(35A)-Ti(1A)-C(32A)-C(33A) 77.3(9) C(35B)-Ti(1B)-C(32B)-C(36B) 36.4(8) 
Si(1A)-Ti(1A)-C(32A)-C(33A) -123.2(12) Si(1B)-Ti(1B)-C(32B)-C(36B) -121.4(10) 
N(1A)-Ti(1A)-C(32A)-Si(1A) -1.2(6) N(1B)-Ti(1B)-C(32B)-Si(1B) -0.6(5) 
Cl(2A)-Ti(1A)-C(32A)-Si(1A) 96.1(6) Cl(2B)-Ti(1B)-C(32B)-Si(1B) -99.5(5) 
Cl(1A)-Ti(1A)-C(32A)-Si(1A) -98.7(6) Cl(1B)-Ti(1B)-C(32B)-Si(1B) 97.0(5) 
C(36A)-Ti(1A)-C(32A)-Si(1A) -123.5(11) C(36B)-Ti(1B)-C(32B)-Si(1B) 121.4(10) 
C(33A)-Ti(1A)-C(32A)-Si(1A) 123.2(12) C(33B)-Ti(1B)-C(32B)-Si(1B) -125.4(11) 
C(34A)-Ti(1A)-C(32A)-Si(1A) 158.1(9) C(34B)-Ti(1B)-C(32B)-Si(1B) -163.2(8) 
C(35A)-Ti(1A)-C(32A)-Si(1A) -159.5(9) C(35B)-Ti(1B)-C(32B)-Si(1B) 157.8(8) 
C(36A)-C(32A)-C(33A)-C(34A) 3.5(17) C(36B)-C(32B)-C(33B)-C(34B) 0.8(16) 
Si(1A)-C(32A)-C(33A)-C(34A) -144.0(12) Si(1B)-C(32B)-C(33B)-C(34B) 145.6(11) 
Ti(1A)-C(32A)-C(33A)-C(34A) -63.3(11) Ti(1B)-C(32B)-C(33B)-C(34B) 66.8(10) 
C(36A)-C(32A)-C(33A)-C(37A) -179.0(14) C(36B)-C(32B)-C(33B)-C(37B) 177.6(15) 
Si(1A)-C(32A)-C(33A)-C(37A) 34(2) Si(1B)-C(32B)-C(33B)-C(37B) -38(2) 
Ti(1A)-C(32A)-C(33A)-C(37A) 114.2(15) Ti(1B)-C(32B)-C(33B)-C(37B) -116.3(16) 
C(36A)-C(32A)-C(33A)-Ti(1A) 66.8(11) C(36B)-C(32B)-C(33B)-Ti(1B) -66.0(10) 
Si(1A)-C(32A)-C(33A)-Ti(1A) -80.6(10) Si(1B)-C(32B)-C(33B)-Ti(1B) 78.8(10) 
N(1A)-Ti(1A)-C(33A)-C(34A) 171.5(9) N(1B)-Ti(1B)-C(33B)-C(32B) -52.3(9) 
Cl(2A)-Ti(1A)-C(33A)-C(34A) -82.4(9) Cl(2B)-Ti(1B)-C(33B)-C(32B) -159.2(8) 
Cl(1A)-Ti(1A)-C(33A)-C(34A) 39.8(13) Cl(1B)-Ti(1B)-C(33B)-C(32B) 79.7(11) 
C(32A)-Ti(1A)-C(33A)-C(34A) 118.9(13) C(36B)-Ti(1B)-C(33B)-C(32B) 40.2(8) 
C(36A)-Ti(1A)-C(33A)-C(34A) 80.0(10) C(34B)-Ti(1B)-C(33B)-C(32B) 115.2(13) 
C(35A)-Ti(1A)-C(33A)-C(34A) 39.2(9) C(35B)-Ti(1B)-C(33B)-C(32B) 81.0(10) 
Si(1A)-Ti(1A)-C(33A)-C(34A) 154.3(10) Si(1B)-Ti(1B)-C(33B)-C(32B) -35.0(7) 
N(1A)-Ti(1A)-C(33A)-C(32A) 52.6(9) N(1B)-Ti(1B)-C(33B)-C(34B) -167.5(9) 
Cl(2A)-Ti(1A)-C(33A)-C(32A) 158.7(8) Cl(2B)-Ti(1B)-C(33B)-C(34B) 85.7(9) 
Cl(1A)-Ti(1A)-C(33A)-C(32A) -79.1(11) Cl(1B)-Ti(1B)-C(33B)-C(34B) -35.5(13) 
C(36A)-Ti(1A)-C(33A)-C(32A) -38.9(9) C(32B)-Ti(1B)-C(33B)-C(34B) -115.2(13) 
C(34A)-Ti(1A)-C(33A)-C(32A) -118.9(13) C(36B)-Ti(1B)-C(33B)-C(34B) -75.0(10) 
C(35A)-Ti(1A)-C(33A)-C(32A) -79.7(9) C(35B)-Ti(1B)-C(33B)-C(34B) -34.2(9) 
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Si(1A)-Ti(1A)-C(33A)-C(32A) 35.4(8) Si(1B)-Ti(1B)-C(33B)-C(34B) -150.1(10) 
N(1A)-Ti(1A)-C(33A)-C(37A) -69.2(12) N(1B)-Ti(1B)-C(33B)-C(37B) 68.7(12) 
Cl(2A)-Ti(1A)-C(33A)-C(37A) 36.9(11) Cl(2B)-Ti(1B)-C(33B)-C(37B) -38.2(12) 
Cl(1A)-Ti(1A)-C(33A)-C(37A) 159.1(9) Cl(1B)-Ti(1B)-C(33B)-C(37B) -159.3(9) 
C(32A)-Ti(1A)-C(33A)-C(37A) -121.8(15) C(32B)-Ti(1B)-C(33B)-C(37B) 121.0(15) 
C(36A)-Ti(1A)-C(33A)-C(37A) -160.7(13) C(36B)-Ti(1B)-C(33B)-C(37B) 161.2(14) 
C(34A)-Ti(1A)-C(33A)-C(37A) 119.3(15) C(34B)-Ti(1B)-C(33B)-C(37B) -123.8(16) 
C(35A)-Ti(1A)-C(33A)-C(37A) 158.5(13) C(35B)-Ti(1B)-C(33B)-C(37B) -158.0(14) 
Si(1A)-Ti(1A)-C(33A)-C(37A) -86.4(11) Si(1B)-Ti(1B)-C(33B)-C(37B) 86.0(11) 
C(32A)-C(33A)-C(34A)-C(38A) -177.4(16) C(32B)-C(33B)-C(34B)-C(35B) -1.0(18) 
C(37A)-C(33A)-C(34A)-C(38A) 5(3) C(37B)-C(33B)-C(34B)-C(35B) -177.8(15) 
Ti(1A)-C(33A)-C(34A)-C(38A) 122.2(18) Ti(1B)-C(33B)-C(34B)-C(35B) 62.8(11) 
C(32A)-C(33A)-C(34A)-C(35A) -5.2(17) C(32B)-C(33B)-C(34B)-C(38B) 179.3(14) 
C(37A)-C(33A)-C(34A)-C(35A) 177.2(13) C(37B)-C(33B)-C(34B)-C(38B) 2(3) 
Ti(1A)-C(33A)-C(34A)-C(35A) -65.7(10) Ti(1B)-C(33B)-C(34B)-C(38B) -117.0(15) 
C(32A)-C(33A)-C(34A)-Ti(1A) 60.5(10) C(32B)-C(33B)-C(34B)-Ti(1B) -63.8(10) 
C(37A)-C(33A)-C(34A)-Ti(1A) -117.2(14) C(37B)-C(33B)-C(34B)-Ti(1B) 119.4(16) 
N(1A)-Ti(1A)-C(34A)-C(33A) -11.0(12) N(1B)-Ti(1B)-C(34B)-C(35B) -103.3(10) 
Cl(2A)-Ti(1A)-C(34A)-C(33A) 98.3(9) Cl(2B)-Ti(1B)-C(34B)-C(35B) 145.1(9) 
Cl(1A)-Ti(1A)-C(34A)-C(33A) -157.2(8) Cl(1B)-Ti(1B)-C(34B)-C(35B) 40.5(10) 
C(32A)-Ti(1A)-C(34A)-C(33A) -37.1(9) C(32B)-Ti(1B)-C(34B)-C(35B) -81.6(10) 
C(36A)-Ti(1A)-C(34A)-C(33A) -79.0(10) C(36B)-Ti(1B)-C(34B)-C(35B) -37.5(9) 
C(35A)-Ti(1A)-C(34A)-C(33A) -114.8(13) C(33B)-Ti(1B)-C(34B)-C(35B) -119.5(14) 
Si(1A)-Ti(1A)-C(34A)-C(33A) -23.4(9) Si(1B)-Ti(1B)-C(34B)-C(35B) -92.3(9) 
N(1A)-Ti(1A)-C(34A)-C(38A) -138.4(14) N(1B)-Ti(1B)-C(34B)-C(33B) 16.2(12) 
Cl(2A)-Ti(1A)-C(34A)-C(38A) -29.1(15) Cl(2B)-Ti(1B)-C(34B)-C(33B) -95.4(9) 
Cl(1A)-Ti(1A)-C(34A)-C(38A) 75.3(16) Cl(1B)-Ti(1B)-C(34B)-C(33B) 160.0(8) 
C(32A)-Ti(1A)-C(34A)-C(38A) -164.5(18) C(32B)-Ti(1B)-C(34B)-C(33B) 37.9(9) 
C(36A)-Ti(1A)-C(34A)-C(38A) 153.6(18) C(36B)-Ti(1B)-C(34B)-C(33B) 82.0(10) 
C(33A)-Ti(1A)-C(34A)-C(38A) -127(2) C(35B)-Ti(1B)-C(34B)-C(33B) 119.5(14) 
C(35A)-Ti(1A)-C(34A)-C(38A) 117.8(19) Si(1B)-Ti(1B)-C(34B)-C(33B) 27.2(9) 
Si(1A)-Ti(1A)-C(34A)-C(38A) -150.8(15) N(1B)-Ti(1B)-C(34B)-C(38B) 134.2(13) 
N(1A)-Ti(1A)-C(34A)-C(35A) 103.8(10) Cl(2B)-Ti(1B)-C(34B)-C(38B) 22.6(13) 
Cl(2A)-Ti(1A)-C(34A)-C(35A) -146.9(8) Cl(1B)-Ti(1B)-C(34B)-C(38B) -82.0(14) 
Cl(1A)-Ti(1A)-C(34A)-C(35A) -42.4(9) C(32B)-Ti(1B)-C(34B)-C(38B) 155.9(15) 
C(32A)-Ti(1A)-C(34A)-C(35A) 77.7(10) C(36B)-Ti(1B)-C(34B)-C(38B) -160.0(16) 
C(36A)-Ti(1A)-C(34A)-C(35A) 35.8(9) C(33B)-Ti(1B)-C(34B)-C(38B) 118.0(18) 
C(33A)-Ti(1A)-C(34A)-C(35A) 114.8(13) C(35B)-Ti(1B)-C(34B)-C(38B) -122.5(18) 
Si(1A)-Ti(1A)-C(34A)-C(35A) 91.4(8) Si(1B)-Ti(1B)-C(34B)-C(38B) 145.2(13) 
C(33A)-C(34A)-C(35A)-C(36A) 5.0(17) C(33B)-C(34B)-C(35B)-C(36B) 0.8(18) 
C(38A)-C(34A)-C(35A)-C(36A) 178.0(14) C(38B)-C(34B)-C(35B)-C(36B) -179.5(15) 
Ti(1A)-C(34A)-C(35A)-C(36A) -59.3(10) Ti(1B)-C(34B)-C(35B)-C(36B) 61.1(10) 
C(33A)-C(34A)-C(35A)-C(39A) -175.8(15) C(33B)-C(34B)-C(35B)-C(39B) 176.7(15) 
C(38A)-C(34A)-C(35A)-C(39A) -3(2) C(38B)-C(34B)-C(35B)-C(39B) -4(3) 
Ti(1A)-C(34A)-C(35A)-C(39A) 119.9(16) Ti(1B)-C(34B)-C(35B)-C(39B) -122.9(16) 
C(33A)-C(34A)-C(35A)-Ti(1A) 64.3(10) C(33B)-C(34B)-C(35B)-Ti(1B) -60.3(11) 
C(38A)-C(34A)-C(35A)-Ti(1A) -122.7(15) C(38B)-C(34B)-C(35B)-Ti(1B) 119.4(16) 
N(1A)-Ti(1A)-C(35A)-C(36A) 10.6(11) N(1B)-Ti(1B)-C(35B)-C(34B) 104.7(10) 
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Cl(2A)-Ti(1A)-C(35A)-C(36A) 156.0(8) Cl(2B)-Ti(1B)-C(35B)-C(34B) -39.8(10) 
Cl(1A)-Ti(1A)-C(35A)-C(36A) -99.1(8) Cl(1B)-Ti(1B)-C(35B)-C(34B) -144.5(9) 
C(32A)-Ti(1A)-C(35A)-C(36A) 37.4(9) C(32B)-Ti(1B)-C(35B)-C(34B) 77.7(10) 
C(33A)-Ti(1A)-C(35A)-C(36A) 80.5(9) C(36B)-Ti(1B)-C(35B)-C(34B) 116.5(14) 
C(34A)-Ti(1A)-C(35A)-C(36A) 117.6(13) C(33B)-Ti(1B)-C(35B)-C(34B) 36.2(9) 
Si(1A)-Ti(1A)-C(35A)-C(36A) 24.7(9) Si(1B)-Ti(1B)-C(35B)-C(34B) 91.8(9) 
N(1A)-Ti(1A)-C(35A)-C(39A) 132.0(13) N(1B)-Ti(1B)-C(35B)-C(36B) -11.8(13) 
Cl(2A)-Ti(1A)-C(35A)-C(39A) -82.6(14) Cl(2B)-Ti(1B)-C(35B)-C(36B) -156.3(8) 
Cl(1A)-Ti(1A)-C(35A)-C(39A) 22.3(13) Cl(1B)-Ti(1B)-C(35B)-C(36B) 99.0(9) 
C(32A)-Ti(1A)-C(35A)-C(39A) 158.9(16) C(32B)-Ti(1B)-C(35B)-C(36B) -38.8(9) 
C(36A)-Ti(1A)-C(35A)-C(39A) 121.4(17) C(33B)-Ti(1B)-C(35B)-C(36B) -80.3(10) 
C(33A)-Ti(1A)-C(35A)-C(39A) -158.1(16) C(34B)-Ti(1B)-C(35B)-C(36B) -116.5(14) 
C(34A)-Ti(1A)-C(35A)-C(39A) -121.0(17) Si(1B)-Ti(1B)-C(35B)-C(36B) -24.7(10) 
Si(1A)-Ti(1A)-C(35A)-C(39A) 146.1(13) N(1B)-Ti(1B)-C(35B)-C(39B) -131.0(14) 
N(1A)-Ti(1A)-C(35A)-C(34A) -107.0(10) Cl(2B)-Ti(1B)-C(35B)-C(39B) 84.5(15) 
Cl(2A)-Ti(1A)-C(35A)-C(34A) 38.4(9) Cl(1B)-Ti(1B)-C(35B)-C(39B) -20.2(15) 
Cl(1A)-Ti(1A)-C(35A)-C(34A) 143.3(8) C(32B)-Ti(1B)-C(35B)-C(39B) -158.0(17) 
C(32A)-Ti(1A)-C(35A)-C(34A) -80.1(9) C(36B)-Ti(1B)-C(35B)-C(39B) -119(2) 
C(36A)-Ti(1A)-C(35A)-C(34A) -117.6(13) C(33B)-Ti(1B)-C(35B)-C(39B) 160.5(17) 
C(33A)-Ti(1A)-C(35A)-C(34A) -37.1(8) C(34B)-Ti(1B)-C(35B)-C(39B) 124.3(19) 
Si(1A)-Ti(1A)-C(35A)-C(34A) -92.9(8) Si(1B)-Ti(1B)-C(35B)-C(39B) -143.9(14) 
C(39A)-C(35A)-C(36A)-C(32A) 177.9(16) C(34B)-C(35B)-C(36B)-C(32B) -0.3(17) 
C(34A)-C(35A)-C(36A)-C(32A) -2.9(17) C(39B)-C(35B)-C(36B)-C(32B) -176.3(14) 
Ti(1A)-C(35A)-C(36A)-C(32A) -63.0(11) Ti(1B)-C(35B)-C(36B)-C(32B) 63.5(10) 
C(39A)-C(35A)-C(36A)-C(40A) 0(3) C(34B)-C(35B)-C(36B)-C(40B) 178.0(14) 
C(34A)-C(35A)-C(36A)-C(40A) 179.1(14) C(39B)-C(35B)-C(36B)-C(40B) 2(2) 
Ti(1A)-C(35A)-C(36A)-C(40A) 118.9(15) Ti(1B)-C(35B)-C(36B)-C(40B) -118.2(15) 
C(39A)-C(35A)-C(36A)-Ti(1A) -119.1(16) C(34B)-C(35B)-C(36B)-Ti(1B) -63.8(11) 
C(34A)-C(35A)-C(36A)-Ti(1A) 60.1(10) C(39B)-C(35B)-C(36B)-Ti(1B) 120.1(15) 
C(33A)-C(32A)-C(36A)-C(35A) -0.2(18) C(33B)-C(32B)-C(36B)-C(35B) -0.3(16) 
Si(1A)-C(32A)-C(36A)-C(35A) 147.2(12) Si(1B)-C(32B)-C(36B)-C(35B) -146.8(11) 
Ti(1A)-C(32A)-C(36A)-C(35A) 67.0(11) Ti(1B)-C(32B)-C(36B)-C(35B) -67.3(11) 
C(33A)-C(32A)-C(36A)-C(40A) 177.7(15) C(33B)-C(32B)-C(36B)-C(40B) -178.6(14) 
Si(1A)-C(32A)-C(36A)-C(40A) -35(2) Si(1B)-C(32B)-C(36B)-C(40B) 35(2) 
Ti(1A)-C(32A)-C(36A)-C(40A) -115.1(16) Ti(1B)-C(32B)-C(36B)-C(40B) 114.5(15) 
C(33A)-C(32A)-C(36A)-Ti(1A) -67.2(10) C(33B)-C(32B)-C(36B)-Ti(1B) 67.0(10) 
Si(1A)-C(32A)-C(36A)-Ti(1A) 80.2(11) Si(1B)-C(32B)-C(36B)-Ti(1B) -79.5(9) 
N(1A)-Ti(1A)-C(36A)-C(35A) -171.7(9) N(1B)-Ti(1B)-C(36B)-C(35B) 170.8(10) 
Cl(2A)-Ti(1A)-C(36A)-C(35A) -42.7(13) Cl(2B)-Ti(1B)-C(36B)-C(35B) 40.7(13) 
Cl(1A)-Ti(1A)-C(36A)-C(35A) 82.0(8) Cl(1B)-Ti(1B)-C(36B)-C(35B) -82.6(9) 
C(32A)-Ti(1A)-C(36A)-C(35A) -117.3(13) C(32B)-Ti(1B)-C(36B)-C(35B) 116.0(13) 
C(33A)-Ti(1A)-C(36A)-C(35A) -77.8(9) C(33B)-Ti(1B)-C(36B)-C(35B) 77.7(10) 
C(34A)-Ti(1A)-C(36A)-C(35A) -37.5(9) C(34B)-Ti(1B)-C(36B)-C(35B) 35.9(9) 
Si(1A)-Ti(1A)-C(36A)-C(35A) -152.8(9) Si(1B)-Ti(1B)-C(36B)-C(35B) 152.9(10) 
N(1A)-Ti(1A)-C(36A)-C(32A) -54.3(9) N(1B)-Ti(1B)-C(36B)-C(32B) 54.9(9) 
Cl(2A)-Ti(1A)-C(36A)-C(32A) 74.6(11) Cl(2B)-Ti(1B)-C(36B)-C(32B) -75.3(10) 
Cl(1A)-Ti(1A)-C(36A)-C(32A) -160.7(8) Cl(1B)-Ti(1B)-C(36B)-C(32B) 161.4(8) 
C(33A)-Ti(1A)-C(36A)-C(32A) 39.6(8) C(33B)-Ti(1B)-C(36B)-C(32B) -38.3(8) 
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C(34A)-Ti(1A)-C(36A)-C(32A) 79.8(9) C(34B)-Ti(1B)-C(36B)-C(32B) -80.1(9) 
C(35A)-Ti(1A)-C(36A)-C(32A) 117.3(13) C(35B)-Ti(1B)-C(36B)-C(32B) -116.0(13) 
Si(1A)-Ti(1A)-C(36A)-C(32A) -35.4(7) Si(1B)-Ti(1B)-C(36B)-C(32B) 36.9(7) 
N(1A)-Ti(1A)-C(36A)-C(40A) 67.7(12) N(1B)-Ti(1B)-C(36B)-C(40B) -66.1(12) 
Cl(2A)-Ti(1A)-C(36A)-C(40A) -163.3(9) Cl(2B)-Ti(1B)-C(36B)-C(40B) 163.8(9) 
Cl(1A)-Ti(1A)-C(36A)-C(40A) -38.6(12) Cl(1B)-Ti(1B)-C(36B)-C(40B) 40.4(12) 
C(32A)-Ti(1A)-C(36A)-C(40A) 122.1(16) C(32B)-Ti(1B)-C(36B)-C(40B) -120.9(15) 
C(33A)-Ti(1A)-C(36A)-C(40A) 161.7(14) C(33B)-Ti(1B)-C(36B)-C(40B) -159.3(14) 
C(34A)-Ti(1A)-C(36A)-C(40A) -158.1(14) C(34B)-Ti(1B)-C(36B)-C(40B) 159.0(14) 
C(35A)-Ti(1A)-C(36A)-C(40A) -120.6(16) C(35B)-Ti(1B)-C(36B)-C(40B) 123.1(17) 
Si(1A)-Ti(1A)-C(36A)-C(40A) 86.7(12) Si(1B)-Ti(1B)-C(36B)-C(40B) -84.0(12) 
 
 
Figure S103. Single-crystal X-ray analysis data of Ti-2′. 
 
Table S7.1 Crystal data and structure refinement for Ti-2′. 
Empirical formula C51.50H66BClN2SiTi 
Formula weight 835.31 
Temperature 100(2) K 
Wavelength 0.71073 Å 
Crystal system, space group Triclinic,  P1  
Unit cell dimensions a =  8.8236(7) Å α = 100.584(4)º 
 b = 12.7159(10) Å β =  94.534(4)º 
 c = 20.8292(16) Å γ =  90.624(4)º 
Volume 2289.3(3) Å3 
Z, Calculated density 2,  1.212 mg/m3 
Absorption coefficient 0.308 mm-1 
F(000) 894 
Crystal size 0.34 x 0.30 x 0.18 mm 
Theta range for data collection 1.63 to 30.56º 
Limiting indices -12<=h<=12, -18<=k<=15, -29<=l<=29 
Reflections collected / unique 68154 / 13918 [R(int) = 0.0585] 
Completeness to theta = 30.56 99.00% 
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Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.7350 and 0.7018 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 13918 / 23 / 543 
Goodness-of-fit on F2 1.042 
Final R indices [I>2(I)] R1 = 0.0442, wR2 = 0.0946 
R indices (all data) R1 = 0.0775, wR2 = 0.1032 
Largest diff. peak and hole 0.444 and -0.370 e.Å-3 
 
Table S7.2 Atomic coordinates (x104) and equivalent isotropic        displacement 
parameters (Å2 x 103) for Ti-2′. U(eq) is defined as one third of the trace of the 
orthogonalized Uij tensor. 
 x y z U(eq) 
Ti(1) 3296(1) 5310(1) 3121(1) 11(1) 
Si(1) 5162(1) 7196(1) 3911(1) 13(1) 
Cl(1) 733(1) 5695(1) 2849(1) 17(1) 
N(1) 4169(1) 6817(1) 3141(1) 13(1) 
C(1) 4099(2) 7570(1) 2740(1) 13(1) 
B(1) 7428(2) 10101(1) 1730(1) 15(1) 
N(2) 5088(1) 8410(1) 2928(1) 13(1) 
C(2) 5070(2) 9204(1) 2579(1) 14(1) 
C(3) 4064(2) 9196(1) 2031(1) 17(1) 
C(4) 3016(2) 8342(1) 1848(1) 18(1) 
C(5) 3018(2) 7528(1) 2204(1) 16(1) 
C(6) 6120(2) 10133(1) 2845(1) 14(1) 
C(7) 7091(2) 10584(1) 2452(1) 14(1) 
C(8) 7977(2) 11492(1) 2757(1) 17(1) 
C(9) 7966(2) 11913(1) 3417(1) 21(1) 
C(10) 7019(2) 11455(1) 3794(1) 21(1) 
C(11) 6094(2) 10575(1) 3507(1) 18(1) 
C(12) 7489(2) 8858(1) 1466(1) 16(1) 
C(13) 6812(2) 8411(1) 837(1) 19(1) 
C(14) 6949(2) 7322(1) 586(1) 22(1) 
C(15) 7779(2) 6655(1) 930(1) 23(1) 
C(16) 8436(2) 7088(1) 1548(1) 22(1) 
C(17) 8299(2) 8167(1) 1827(1) 18(1) 
C(18) 5889(2) 9067(1) 424(1) 27(1) 
C(19) 7984(2) 5496(1) 632(1) 31(1) 
C(20) 9069(2) 8549(1) 2503(1) 23(1) 
C(21) 7865(2) 10910(1) 1277(1) 14(1) 
C(22) 9279(2) 10839(1) 992(1) 15(1) 
C(23) 9605(2) 11498(1) 554(1) 17(1) 
C(24) 8586(2) 12247(1) 382(1) 16(1) 
C(25) 7232(2) 12352(1) 686(1) 16(1) 
C(26) 6859(2) 11708(1) 1126(1) 15(1) 
C(27)        10474(2) 10070(1) 1163(1) 20(1) 
C(28) 8946(2) 12926(1) -109(1) 21(1) 
C(29) 5313(2) 11839(1) 1394(1) 19(1) 
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C(30) 7280(2) 7165(1) 3936(1) 20(1) 
C(31) 4686(2) 8493(1) 4429(1) 20(1) 
C(32) 4251(2) 6035(1) 4189(1) 12(1) 
C(33) 4737(2) 4953(1) 4100(1) 14(1) 
C(34) 3436(2) 4264(1) 4054(1) 16(1) 
C(35) 2140(2) 4904(1) 4110(1) 16(1) 
C(36) 2621(2) 5990(1) 4196(1) 14(1) 
C(37) 6347(2) 4587(1) 4159(1) 19(1) 
C(38) 3456(2) 3094(1) 4081(1) 25(1) 
C(39) 547(2) 4487(2) 4123(1) 23(1) 
C(40) 1592(2) 6927(1) 4317(1) 20(1) 
C(41) 5209(2) 4473(1) 2439(1) 19(1) 
C(42) 4210(2) 4881(1) 1979(1) 18(1) 
C(43) 2787(2) 4357(1) 1944(1) 19(1) 
C(44) 2873(2) 3629(1) 2389(1) 20(1) 
C(45) 4386(2) 3689(1) 2678(1) 19(1) 
C(46) 6894(2) 4701(2) 2530(1) 30(1) 
C(47) 4709(2) 5566(2) 1519(1) 29(1) 
C(48) 1464(2) 4441(2) 1465(1) 31(1) 
C(49) 1623(2) 2858(2) 2456(1) 35(1) 
C(1X) 94(3) -125(2) 4640(2) 77(1) 
C(2X) 1203(3) 598(2) 4416(2) 81(1) 
C(3X) 1459(6) 296(4) 3738(3) 61(2) 
 
Table S7.3 Bond lengths [Å] and angles [º] for Ti-2′. 
Ti(1)-N(1) 2.0499(13) C(27)-H(27A) 0.98 
Ti(1)-C(32) 2.3313(15) C(27)-H(27B) 0.98 
Ti(1)-C(45) 2.3476(15) C(27)-H(27C) 0.98 
Ti(1)-Cl(1) 2.3664(5) C(28)-H(28A) 0.98 
Ti(1)-C(36) 2.3712(15) C(28)-H(28B) 0.98 
Ti(1)-C(44) 2.3937(16) C(28)-H(28C) 0.98 
Ti(1)-C(41) 2.4213(15) C(29)-H(29A) 0.98 
Ti(1)-C(33) 2.4327(15) C(29)-H(29B) 0.98 
Ti(1)-C(35) 2.5024(16) C(29)-H(29C) 0.98 
Ti(1)-C(43) 2.5316(16) C(30)-H(30A) 0.98 
Ti(1)-C(42) 2.5399(16) C(30)-H(30B) 0.98 
Ti(1)-C(34) 2.5445(16) C(30)-H(30C) 0.98 
Si(1)-N(1) 1.7474(14) C(31)-H(31A) 0.98 
Si(1)-C(30) 1.8658(16) C(31)-H(31B) 0.98 
Si(1)-C(31) 1.8701(16) C(31)-H(31C) 0.98 
Si(1)-C(32) 1.8764(15) C(32)-C(33) 1.429(2) 
N(1)-C(1) 1.3811(19) C(32)-C(36) 1.440(2) 
C(1)-N(2) 1.3527(19) C(33)-C(34) 1.423(2) 
C(1)-C(5) 1.402(2) C(33)-C(37) 1.503(2) 
B(1)-C(7) 1.569(2) C(34)-C(35) 1.410(2) 
B(1)-C(12) 1.577(2) C(34)-C(38) 1.500(2) 
B(1)-C(21) 1.582(2) C(35)-C(36) 1.416(2) 
N(2)-C(2) 1.3471(19) C(35)-C(39) 1.500(2) 
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C(2)-C(3) 1.388(2) C(36)-C(40) 1.502(2) 
C(2)-C(6) 1.488(2) C(37)-H(37A) 0.98 
C(3)-C(4) 1.397(2) C(37)-H(37B) 0.98 
C(3)-H(3) 0.95 C(37)-H(37C) 0.98 
C(4)-C(5) 1.379(2) C(38)-H(38A) 0.98 
C(4)-H(4) 0.95 C(38)-H(38B) 0.98 
C(5)-H(5) 0.95 C(38)-H(38C) 0.98 
C(6)-C(11) 1.393(2) C(39)-H(39A) 0.98 
C(6)-C(7) 1.415(2) C(39)-H(39B) 0.98 
C(7)-C(8) 1.407(2) C(39)-H(39C) 0.98 
C(8)-C(9) 1.382(2) C(40)-H(40A) 0.98 
C(8)-H(8) 0.95 C(40)-H(40B) 0.98 
C(9)-C(10) 1.384(2) C(40)-H(40C) 0.98 
C(9)-H(9) 0.95 C(41)-C(45) 1.412(2) 
C(10)-C(11) 1.390(2) C(41)-C(42) 1.424(2) 
C(10)-H(10) 0.95 C(41)-C(46) 1.502(2) 
C(11)-H(11) 0.95 C(42)-C(43) 1.405(2) 
C(12)-C(13) 1.411(2) C(42)-C(47) 1.495(2) 
C(12)-C(17) 1.422(2) C(43)-C(44) 1.424(2) 
C(13)-C(14) 1.398(2) C(43)-C(48) 1.492(2) 
C(13)-C(18) 1.506(2) C(44)-C(45) 1.415(2) 
C(14)-C(15) 1.386(2) C(44)-C(49) 1.500(2) 
C(14)-H(14) 0.95 C(45)-H(45) 0.95 
C(15)-C(16) 1.382(3) C(46)-H(46A) 0.98 
C(15)-C(19) 1.510(2) C(46)-H(46B) 0.98 
C(16)-C(17) 1.399(2) C(46)-H(46C) 0.98 
C(16)-H(16) 0.95 C(47)-H(47A) 0.98 
C(17)-C(20) 1.507(2) C(47)-H(47B) 0.98 
C(18)-H(18A) 0.98 C(47)-H(47C) 0.98 
C(18)-H(18B) 0.98 C(48)-H(48A) 0.98 
C(18)-H(18C) 0.98 C(48)-H(48B) 0.98 
C(19)-H(19A) 0.98 C(48)-H(48C) 0.98 
C(19)-H(19B) 0.98 C(49)-H(49A) 0.98 
C(19)-H(19C) 0.98 C(49)-H(49B) 0.98 
C(20)-H(20A) 0.98 C(49)-H(49C) 0.98 
C(20)-H(20B) 0.98 C(1X)-C(2X) 1.494(4) 
C(20)-H(20C) 0.98 C(1X)-C(1X)#1 1.496(7) 
C(21)-C(26) 1.417(2) C(1X)-H(1X1) 0.99 
C(21)-C(22) 1.421(2) C(1X)-H(1X2) 0.99 
C(22)-C(23) 1.390(2) C(2X)-C(3X) 1.430(6) 
C(22)-C(27) 1.512(2) C(2X)-H(2X1) 0.99 
C(23)-C(24) 1.392(2) C(2X)-H(2X2) 0.99 
C(23)-H(23) 0.95 C(2X)-H(2X3) 1.036(15) 
C(24)-C(25) 1.392(2) C(3X)-H(2X3) 0.47(3) 
C(24)-C(28) 1.505(2) C(3X)-H(3X1) 0.98 
C(25)-C(26) 1.392(2) C(3X)-H(3X2) 0.98 
C(25)-H(25) 0.95 C(3X)-H(3X3) 0.98 
C(26)-C(29) 1.514(2)   
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N(1)-Ti(1)-C(32) 70.99(5) C(26)-C(25)-H(25) 118.9 
N(1)-Ti(1)-C(45) 126.42(6) C(25)-C(26)-C(21) 120.24(14) 
C(32)-Ti(1)-C(45) 114.24(6) C(25)-C(26)-C(29) 117.77(13) 
N(1)-Ti(1)-Cl(1) 96.44(4) C(21)-C(26)-C(29) 121.85(14) 
C(32)-Ti(1)-Cl(1) 115.38(4) C(22)-C(27)-H(27A) 109.5 
C(45)-Ti(1)-Cl(1) 122.32(4) C(22)-C(27)-H(27B) 109.5 
N(1)-Ti(1)-C(36) 85.65(5) H(27A)-C(27)-H(27B) 109.5 
C(32)-Ti(1)-C(36) 35.66(5) C(22)-C(27)-H(27C) 109.5 
C(45)-Ti(1)-C(36) 131.21(6) H(27A)-C(27)-H(27C) 109.5 
Cl(1)-Ti(1)-C(36) 81.92(4) H(27B)-C(27)-H(27C) 109.5 
N(1)-Ti(1)-C(44) 140.26(5) C(24)-C(28)-H(28A) 109.5 
C(32)-Ti(1)-C(44) 141.33(6) C(24)-C(28)-H(28B) 109.5 
C(45)-Ti(1)-C(44) 34.72(6) H(28A)-C(28)-H(28B) 109.5 
Cl(1)-Ti(1)-C(44) 87.60(4) C(24)-C(28)-H(28C) 109.5 
C(36)-Ti(1)-C(44) 133.92(6) H(28A)-C(28)-H(28C) 109.5 
N(1)-Ti(1)-C(41) 92.71(5) H(28B)-C(28)-H(28C) 109.5 
C(32)-Ti(1)-C(41) 113.51(5) C(26)-C(29)-H(29A) 109.5 
C(45)-Ti(1)-C(41) 34.39(6) C(26)-C(29)-H(29B) 109.5 
Cl(1)-Ti(1)-C(41) 130.60(4) H(29A)-C(29)-H(29B) 109.5 
C(36)-Ti(1)-C(41) 147.30(5) C(26)-C(29)-H(29C) 109.5 
C(44)-Ti(1)-C(41) 57.05(6) H(29A)-C(29)-H(29C) 109.5 
N(1)-Ti(1)-C(33) 97.72(5) H(29B)-C(29)-H(29C) 109.5 
C(32)-Ti(1)-C(33) 34.84(5) Si(1)-C(30)-H(30A) 109.5 
C(45)-Ti(1)-C(33) 80.55(6) Si(1)-C(30)-H(30B) 109.5 
Cl(1)-Ti(1)-C(33) 135.14(4) H(30A)-C(30)-H(30B) 109.5 
C(36)-Ti(1)-C(33) 57.13(5) Si(1)-C(30)-H(30C) 109.5 
C(44)-Ti(1)-C(33) 107.01(6) H(30A)-C(30)-H(30C) 109.5 
C(41)-Ti(1)-C(33) 90.93(5) H(30B)-C(30)-H(30C) 109.5 
N(1)-Ti(1)-C(35) 119.27(5) Si(1)-C(31)-H(31A) 109.5 
C(32)-Ti(1)-C(35) 57.19(5) Si(1)-C(31)-H(31B) 109.5 
C(45)-Ti(1)-C(35) 103.56(6) H(31A)-C(31)-H(31B) 109.5 
Cl(1)-Ti(1)-C(35) 80.66(4) Si(1)-C(31)-H(31C) 109.5 
C(36)-Ti(1)-C(35) 33.65(5) H(31A)-C(31)-H(31C) 109.5 
C(44)-Ti(1)-C(35) 100.42(6) H(31B)-C(31)-H(31C) 109.5 
C(41)-Ti(1)-C(35) 134.20(6) C(33)-C(32)-C(36) 106.40(13) 
C(33)-Ti(1)-C(35) 55.37(5) C(33)-C(32)-Si(1) 127.65(11) 
N(1)-Ti(1)-C(43) 109.43(5) C(36)-C(32)-Si(1) 118.85(11) 
C(32)-Ti(1)-C(43) 168.35(5) C(33)-C(32)-Ti(1) 76.46(9) 
C(45)-Ti(1)-C(43) 55.64(6) C(36)-C(32)-Ti(1) 73.68(8) 
Cl(1)-Ti(1)-C(43) 76.26(4) Si(1)-C(32)-Ti(1) 91.62(6) 
C(36)-Ti(1)-C(43) 154.58(5) C(34)-C(33)-C(32) 108.66(13) 
C(44)-Ti(1)-C(43) 33.46(6) C(34)-C(33)-C(37) 123.91(13) 
C(41)-Ti(1)-C(43) 55.02(5) C(32)-C(33)-C(37) 126.67(14) 
C(33)-Ti(1)-C(43) 136.13(5) C(34)-C(33)-Ti(1) 77.75(9) 
C(35)-Ti(1)-C(43) 127.81(5) C(32)-C(33)-Ti(1) 68.70(8) 
N(1)-Ti(1)-C(42) 85.04(5) C(37)-C(33)-Ti(1) 127.50(11) 
C(32)-Ti(1)-C(42) 139.10(5) C(35)-C(34)-C(33) 108.09(13) 
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C(45)-Ti(1)-C(42) 55.60(6) C(35)-C(34)-C(38) 125.07(15) 
Cl(1)-Ti(1)-C(42) 99.46(4) C(33)-C(34)-C(38) 125.78(14) 
C(36)-Ti(1)-C(42) 170.68(5) C(35)-C(34)-Ti(1) 72.14(9) 
C(44)-Ti(1)-C(42) 55.39(5) C(33)-C(34)-Ti(1) 69.11(8) 
C(41)-Ti(1)-C(42) 33.25(5) C(38)-C(34)-Ti(1) 133.59(11) 
C(33)-Ti(1)-C(42) 124.00(5) C(34)-C(35)-C(36) 108.34(13) 
C(35)-Ti(1)-C(42) 155.63(5) C(34)-C(35)-C(39) 124.83(15) 
C(43)-Ti(1)-C(42) 32.17(5) C(36)-C(35)-C(39) 126.70(14) 
N(1)-Ti(1)-C(34) 127.25(5) C(34)-C(35)-Ti(1) 75.42(9) 
C(32)-Ti(1)-C(34) 56.55(5) C(36)-C(35)-Ti(1) 68.09(8) 
C(45)-Ti(1)-C(34) 75.96(5) C(39)-C(35)-Ti(1) 125.53(11) 
Cl(1)-Ti(1)-C(34) 109.67(4) C(35)-C(36)-C(32) 108.51(13) 
C(36)-Ti(1)-C(34) 55.44(5) C(35)-C(36)-C(40) 124.84(13) 
C(44)-Ti(1)-C(34) 87.28(6) C(32)-C(36)-C(40) 126.54(14) 
C(41)-Ti(1)-C(34) 102.44(5) C(35)-C(36)-Ti(1) 78.26(9) 
C(33)-Ti(1)-C(34) 33.14(5) C(32)-C(36)-Ti(1) 70.66(8) 
C(35)-Ti(1)-C(34) 32.44(5) C(40)-C(36)-Ti(1) 120.27(11) 
C(43)-Ti(1)-C(34) 120.72(5) C(33)-C(37)-H(37A) 109.5 
C(42)-Ti(1)-C(34) 131.46(5) C(33)-C(37)-H(37B) 109.5 
N(1)-Si(1)-C(30) 116.64(7) H(37A)-C(37)-H(37B) 109.5 
N(1)-Si(1)-C(31) 118.12(7) C(33)-C(37)-H(37C) 109.5 
C(30)-Si(1)-C(31) 106.52(8) H(37A)-C(37)-H(37C) 109.5 
N(1)-Si(1)-C(32) 89.56(6) H(37B)-C(37)-H(37C) 109.5 
C(30)-Si(1)-C(32) 114.43(7) C(34)-C(38)-H(38A) 109.5 
C(31)-Si(1)-C(32) 111.01(7) C(34)-C(38)-H(38B) 109.5 
N(1)-Si(1)-Ti(1) 40.56(4) H(38A)-C(38)-H(38B) 109.5 
C(30)-Si(1)-Ti(1) 119.19(6) C(34)-C(38)-H(38C) 109.5 
C(31)-Si(1)-Ti(1) 134.28(6) H(38A)-C(38)-H(38C) 109.5 
C(32)-Si(1)-Ti(1) 50.19(5) H(38B)-C(38)-H(38C) 109.5 
C(1)-N(1)-Si(1) 116.71(10) C(35)-C(39)-H(39A) 109.5 
C(1)-N(1)-Ti(1) 137.40(11) C(35)-C(39)-H(39B) 109.5 
Si(1)-N(1)-Ti(1) 105.78(6) H(39A)-C(39)-H(39B) 109.5 
N(2)-C(1)-N(1) 114.95(13) C(35)-C(39)-H(39C) 109.5 
N(2)-C(1)-C(5) 121.29(14) H(39A)-C(39)-H(39C) 109.5 
N(1)-C(1)-C(5) 123.59(14) H(39B)-C(39)-H(39C) 109.5 
C(7)-B(1)-C(12) 122.80(14) C(36)-C(40)-H(40A) 109.5 
C(7)-B(1)-C(21) 117.46(13) C(36)-C(40)-H(40B) 109.5 
C(12)-B(1)-C(21) 119.51(14) H(40A)-C(40)-H(40B) 109.5 
C(2)-N(2)-C(1) 119.32(13) C(36)-C(40)-H(40C) 109.5 
N(2)-C(2)-C(3) 122.33(14) H(40A)-C(40)-H(40C) 109.5 
N(2)-C(2)-C(6) 115.92(13) H(40B)-C(40)-H(40C) 109.5 
C(3)-C(2)-C(6) 121.61(14) C(45)-C(41)-C(42) 107.44(14) 
C(2)-C(3)-C(4) 118.24(14) C(45)-C(41)-C(46) 127.71(16) 
C(2)-C(3)-H(3) 120.9 C(42)-C(41)-C(46) 123.75(16) 
C(4)-C(3)-H(3) 120.9 C(45)-C(41)-Ti(1) 69.95(9) 
C(5)-C(4)-C(3) 119.89(15) C(42)-C(41)-Ti(1) 77.95(9) 
C(5)-C(4)-H(4) 120.1 C(46)-C(41)-Ti(1) 127.22(12) 
C(3)-C(4)-H(4) 120.1 C(43)-C(42)-C(41) 108.07(14) 
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C(4)-C(5)-C(1) 118.87(14) C(43)-C(42)-C(47) 126.45(16) 
C(4)-C(5)-H(5) 120.6 C(41)-C(42)-C(47) 124.28(15) 
C(1)-C(5)-H(5) 120.6 C(43)-C(42)-Ti(1) 73.59(9) 
C(11)-C(6)-C(7) 120.05(14) C(41)-C(42)-Ti(1) 68.80(9) 
C(11)-C(6)-C(2) 117.06(14) C(47)-C(42)-Ti(1) 132.89(11) 
C(7)-C(6)-C(2) 122.88(14) C(42)-C(43)-C(44) 108.53(14) 
C(8)-C(7)-C(6) 117.22(14) C(42)-C(43)-C(48) 126.01(16) 
C(8)-C(7)-B(1) 115.83(14) C(44)-C(43)-C(48) 125.05(16) 
C(6)-C(7)-B(1) 126.54(14) C(42)-C(43)-Ti(1) 74.24(9) 
C(9)-C(8)-C(7) 122.34(15) C(44)-C(43)-Ti(1) 67.95(9) 
C(9)-C(8)-H(8) 118.8 C(48)-C(43)-Ti(1) 129.29(12) 
C(7)-C(8)-H(8) 118.8 C(45)-C(44)-C(43) 107.03(14) 
C(8)-C(9)-C(10) 119.50(15) C(45)-C(44)-C(49) 127.88(17) 
C(8)-C(9)-H(9) 120.2 C(43)-C(44)-C(49) 124.64(16) 
C(10)-C(9)-H(9) 120.2 C(45)-C(44)-Ti(1) 70.86(9) 
C(9)-C(10)-C(11) 119.85(16) C(43)-C(44)-Ti(1) 78.60(9) 
C(9)-C(10)-H(10) 120.1 C(49)-C(44)-Ti(1) 122.25(11) 
C(11)-C(10)-H(10) 120.1 C(41)-C(45)-C(44) 108.87(15) 
C(10)-C(11)-C(6) 120.99(15) C(41)-C(45)-Ti(1) 75.66(9) 
C(10)-C(11)-H(11) 119.5 C(44)-C(45)-Ti(1) 74.42(9) 
C(6)-C(11)-H(11) 119.5 C(41)-C(45)-H(45) 125.6 
C(13)-C(12)-C(17) 117.82(14) C(44)-C(45)-H(45) 125.6 
C(13)-C(12)-B(1) 120.16(14) Ti(1)-C(45)-H(45) 116.3 
C(17)-C(12)-B(1) 121.90(15) C(41)-C(46)-H(46A) 109.5 
C(14)-C(13)-C(12) 120.18(15) C(41)-C(46)-H(46B) 109.5 
C(14)-C(13)-C(18) 117.81(16) H(46A)-C(46)-H(46B) 109.5 
C(12)-C(13)-C(18) 121.99(14) C(41)-C(46)-H(46C) 109.5 
C(15)-C(14)-C(13) 121.94(17) H(46A)-C(46)-H(46C) 109.5 
C(15)-C(14)-H(14) 119 H(46B)-C(46)-H(46C) 109.5 
C(13)-C(14)-H(14) 119 C(42)-C(47)-H(47A) 109.5 
C(16)-C(15)-C(14) 118.08(15) C(42)-C(47)-H(47B) 109.5 
C(16)-C(15)-C(19) 121.03(16) H(47A)-C(47)-H(47B) 109.5 
C(14)-C(15)-C(19) 120.88(18) C(42)-C(47)-H(47C) 109.5 
C(15)-C(16)-C(17) 122.09(15) H(47A)-C(47)-H(47C) 109.5 
C(15)-C(16)-H(16) 119 H(47B)-C(47)-H(47C) 109.5 
C(17)-C(16)-H(16) 119 C(43)-C(48)-H(48A) 109.5 
C(16)-C(17)-C(12) 119.83(16) C(43)-C(48)-H(48B) 109.5 
C(16)-C(17)-C(20) 117.38(14) H(48A)-C(48)-H(48B) 109.5 
C(12)-C(17)-C(20) 122.77(14) C(43)-C(48)-H(48C) 109.5 
C(13)-C(18)-H(18A) 109.5 H(48A)-C(48)-H(48C) 109.5 
C(13)-C(18)-H(18B) 109.5 H(48B)-C(48)-H(48C) 109.5 
H(18A)-C(18)-H(18B) 109.5 C(44)-C(49)-H(49A) 109.5 
C(13)-C(18)-H(18C) 109.5 C(44)-C(49)-H(49B) 109.5 
H(18A)-C(18)-H(18C) 109.5 H(49A)-C(49)-H(49B) 109.5 
H(18B)-C(18)-H(18C) 109.5 C(44)-C(49)-H(49C) 109.5 
C(15)-C(19)-H(19A) 109.5 H(49A)-C(49)-H(49C) 109.5 
C(15)-C(19)-H(19B) 109.5 H(49B)-C(49)-H(49C) 109.5 
H(19A)-C(19)-H(19B) 109.5 C(2X)-C(1X)-C(1X)#1 114.3(3) 
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C(15)-C(19)-H(19C) 109.5 C(2X)-C(1X)-H(1X1) 108.7 
H(19A)-C(19)-H(19C) 109.5 C(1X)#1-C(1X)-H(1X1) 108.7 
H(19B)-C(19)-H(19C) 109.5 C(2X)-C(1X)-H(1X2) 108.7 
C(17)-C(20)-H(20A) 109.5 C(1X)#1-C(1X)-H(1X2) 108.7 
C(17)-C(20)-H(20B) 109.5 H(1X1)-C(1X)-H(1X2) 107.6 
H(20A)-C(20)-H(20B) 109.5 C(3X)-C(2X)-C(1X) 113.5(3) 
C(17)-C(20)-H(20C) 109.5 C(3X)-C(2X)-H(2X1) 108.9 
H(20A)-C(20)-H(20C) 109.5 C(1X)-C(2X)-H(2X1) 108.9 
H(20B)-C(20)-H(20C) 109.5 C(3X)-C(2X)-H(2X2) 108.9 
C(26)-C(21)-C(22) 117.55(14) C(1X)-C(2X)-H(2X2) 108.9 
C(26)-C(21)-B(1) 121.85(13) H(2X1)-C(2X)-H(2X2) 107.7 
C(22)-C(21)-B(1) 120.57(13) C(3X)-C(2X)-H(2X3) 12(2) 
C(23)-C(22)-C(21) 120.22(14) C(1X)-C(2X)-H(2X3) 102.0(19) 
C(23)-C(22)-C(27) 118.38(14) H(2X1)-C(2X)-H(2X3) 112.5 
C(21)-C(22)-C(27) 121.39(14) H(2X2)-C(2X)-H(2X3) 116.5 
C(22)-C(23)-C(24) 122.13(14) C(2X)-C(3X)-H(2X3) 27(3) 
C(22)-C(23)-H(23) 118.9 C(2X)-C(3X)-H(3X1) 109.5 
C(24)-C(23)-H(23) 118.9 C(2X)-C(3X)-H(3X2) 109.5 
C(25)-C(24)-C(23) 117.61(14) H(3X1)-C(3X)-H(3X2) 109.5 
C(25)-C(24)-C(28) 121.32(14) C(2X)-C(3X)-H(3X3) 109.5 
C(23)-C(24)-C(28) 121.07(14) H(3X1)-C(3X)-H(3X3) 109.5 
C(24)-C(25)-C(26) 122.11(14) H(3X2)-C(3X)-H(3X3) 109.5 
C(24)-C(25)-H(25) 118.9   
 
Table S7.4 Anisotropic displacement parameters (Å2×103) for Ti-2′. The anisotropic 
displacement factor exponent takes the form: -2 pi2[h2 a*2 U11 + ... + 2 h k a* b* U12]. 
 U11 U22 U33 U23 U13 U12 
Ti(1) 9(1) 11(1) 13(1) 2(1) 1(1) -2(1) 
Si(1) 11(1) 13(1) 14(1) 2(1) -1(1) -2(1) 
Cl(1) 10(1) 22(1) 20(1) 4(1) -1(1) -1(1) 
N(1) 11(1) 13(1) 15(1) 4(1) 1(1) -1(1) 
C(1) 12(1) 13(1) 14(1) 3(1) 2(1) -1(1) 
B(1) 11(1) 16(1) 17(1) 5(1) -2(1) 0(1) 
N(2) 12(1) 13(1) 14(1) 2(1) 1(1) -2(1) 
C(2) 14(1) 14(1) 14(1) 3(1) 2(1) -1(1) 
C(3) 19(1) 17(1) 18(1) 8(1) -1(1) -2(1) 
C(4) 17(1) 21(1) 17(1) 6(1) -5(1) -2(1) 
C(5) 14(1) 16(1) 19(1) 3(1) -2(1) -4(1) 
C(6) 14(1) 12(1) 16(1) 3(1) 0(1) -1(1) 
C(7) 15(1) 12(1) 16(1) 5(1) 1(1) -1(1) 
C(8) 17(1) 13(1) 21(1) 4(1) 3(1) -4(1) 
C(9) 21(1) 15(1) 23(1) -1(1) -2(1) -7(1) 
C(10) 28(1) 19(1) 15(1) 0(1) 1(1) -4(1) 
C(11) 21(1) 17(1) 15(1) 3(1) 3(1) -3(1) 
C(12) 18(1) 13(1) 19(1) 5(1) 6(1) 2(1) 
C(13) 22(1) 15(1) 20(1) 3(1) 4(1) 1(1) 
C(14) 25(1) 16(1) 23(1) -1(1) 6(1) -2(1) 
C(15) 24(1) 13(1) 34(1) 5(1) 16(1) 1(1) 
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C(16) 21(1) 18(1) 33(1) 12(1) 13(1) 6(1) 
C(17) 17(1) 18(1) 22(1) 8(1) 8(1) 2(1) 
C(18) 37(1) 19(1) 23(1) 1(1) -7(1) 2(1) 
C(19) 36(1) 14(1) 45(1) 3(1) 23(1) 4(1) 
C(20) 24(1) 26(1) 24(1) 12(1) 4(1) 7(1) 
C(21) 18(1) 11(1) 14(1) 2(1) 1(1) -1(1) 
C(22) 17(1) 12(1) 15(1) 1(1) 0(1) -1(1) 
C(23) 17(1) 15(1) 17(1) 1(1) 4(1) -3(1) 
C(24) 23(1) 11(1) 13(1) 1(1) 1(1) -3(1) 
C(25) 21(1) 10(1) 16(1) 2(1) 0(1) 0(1) 
C(26) 19(1) 10(1) 14(1) -1(1) 2(1) -1(1) 
C(27) 19(1) 21(1) 22(1) 7(1) 4(1) 3(1) 
C(28) 29(1) 17(1) 19(1) 7(1) 5(1) -2(1) 
C(29) 21(1) 17(1) 20(1) 5(1) 6(1) 5(1) 
C(30) 13(1) 23(1) 22(1) 5(1) -1(1) -5(1) 
C(31) 26(1) 16(1) 18(1) 2(1) 3(1) -2(1) 
C(32) 10(1) 15(1) 11(1) 2(1) -1(1) -1(1) 
C(33) 14(1) 15(1) 13(1) 4(1) 0(1) -1(1) 
C(34) 19(1) 16(1) 13(1) 4(1) 1(1) -3(1) 
C(35) 14(1) 20(1) 14(1) 4(1) 2(1) -5(1) 
C(36) 11(1) 18(1) 12(1) 2(1) 1(1) -1(1) 
C(37) 16(1) 20(1) 22(1) 7(1) -1(1) 4(1) 
C(38) 32(1) 18(1) 25(1) 8(1) 3(1) -3(1) 
C(39) 18(1) 29(1) 23(1) 4(1) 5(1) -9(1) 
C(40) 13(1) 25(1) 21(1) -2(1) 2(1) 3(1) 
C(41) 15(1) 21(1) 18(1) -4(1) 4(1) 0(1) 
C(42) 18(1) 17(1) 17(1) -1(1) 6(1) -2(1) 
C(43) 18(1) 24(1) 13(1) -3(1) 2(1) -3(1) 
C(44) 22(1) 17(1) 17(1) -4(1) 4(1) -7(1) 
C(45) 25(1) 16(1) 17(1) 0(1) 4(1) 5(1) 
C(46) 14(1) 46(1) 27(1) -3(1) 6(1) 0(1) 
C(47) 37(1) 26(1) 27(1) 6(1) 17(1) 0(1) 
C(48) 23(1) 46(1) 19(1) -2(1) -3(1) -2(1) 
C(49) 42(1) 28(1) 30(1) -5(1) 10(1) -20(1) 
C(1X) 52(2) 30(1) 139(3) 6(2) -31(2) 9(1) 
C(2X) 56(2) 43(2) 131(3) -3(2) -25(2) 3(1) 
C(3X) 61(3) 38(2) 74(3) 0(2) -31(3) 11(2) 
 
Table S7.5 Hydrogen coordinates (x104) and isotropic displacement parameters 
(Å2×103) for Ti-2′. 
 x y z U(eq) 
H(3) 4088 9757 1787 21 
H(4) 2302 8322 1480 22 
H(5) 2299 6949 2088 20 
H(8) 8605 11828 2499 20 
H(9) 8604 12513 3611 25 
H(10) 7002 11740 4248 25 
H(11) 5433 10271 3766 21 
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H(14) 6458 7029 168 26 
H(16) 8997 6637 1791 27 
H(18A) 6571 9538 249 41 
H(18B) 5179 9501 693 41 
H(18C) 5317 8590 60 41 
H(19A) 8960 5419 436 46 
H(19B) 7156 5256 292 46 
H(19C) 7969 5060 973 46 
H(20A) 8299 8679 2821 35 
H(20B) 9647 9214 2510 35 
H(20C) 9760 8002 2617 35 
H(23) 10554 11435 366 20 
H(25) 6540 12880 589 19 
H(27A) 11405 10191 957 30 
H(27B) 10097 9333 1003 30 
H(27C) 10693 10186 1640 30 
H(28A) 9562 13554 112 31 
H(28B) 7998 13160 -310 31 
H(28C) 9513 12507 -450 31 
H(29A) 4913 12536 1339 29 
H(29B) 5408 11798 1861 29 
H(29C) 4616 11269 1156 29 
H(30A) 7582 6560 3613 29 
H(30B) 7694 7085 4375 29 
H(30C) 7675 7834 3835 29 
H(31A) 5517 9017 4444 31 
H(31B) 4545 8382 4874 31 
H(31C) 3746 8760 4241 31 
H(37A) 6631 4518 4614 28 
H(37B) 7029 5112 4032 28 
H(37C) 6430 3892 3871 28 
H(38A) 3616 3002 4538 37 
H(38B) 4283 2760 3835 37 
H(38C) 2483 2754 3887 37 
H(39A) 249 3998 3710 35 
H(39B) -148 5088 4178 35 
H(39C) 499 4105 4489 35 
H(40A) 537 6686 4181 30 
H(40B) 1884 7464 4064 30 
H(40C) 1683 7243 4785 30 
H(45) 4782 3269 2982 23 
H(46A) 7369 4335 2143 45 
H(46B) 7322 4443 2919 45 
H(46C) 7089 5474 2585 45 
H(47A) 5271 5134 1181 43 
H(47B) 5369 6154 1763 43 
H(47C) 3816 5860 1311 43 
H(48A) 1404 5178 1389 46 
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H(48B) 525 4244 1641 46 
H(48C) 1594 3956 1050 46 
H(49A) 1974 2411 2772 52 
H(49B) 1340 2401 2029 52 
H(49C) 736 3256 2610 52 
H(1X1) 433 -871 4526 92 
H(1X2) -908 -82 4398 92 
H(2X1) 821 1336 4495 97 
H(2X2) 2184 602 4682 97 
H(2X3) 1200(40) 270(20) 3922(8) 97 
H(3X1) 1651 -472 3638 91 
H(3X2) 2343 698 3644 91 
H(3X3) 560 454 3468 91 
 
Table S7.6 Torsion angles [º] for Ti-2′. 
C(32)-Ti(1)-Si(1)-N(1) -163.44(8) C(42)-Ti(1)-C(34)-C(38) -29.38(18) 
C(45)-Ti(1)-Si(1)-N(1) 108.04(8) C(33)-C(34)-C(35)-C(36) -0.45(18) 
Cl(1)-Ti(1)-Si(1)-N(1) -62.76(6) C(38)-C(34)-C(35)-C(36) 168.29(15) 
C(36)-Ti(1)-Si(1)-N(1) -128.65(8) Ti(1)-C(34)-C(35)-C(36) -60.50(11) 
C(44)-Ti(1)-Si(1)-N(1) 92.14(12) C(33)-C(34)-C(35)-C(39) -176.55(15) 
C(41)-Ti(1)-Si(1)-N(1) 80.43(7) C(38)-C(34)-C(35)-C(39) -7.8(3) 
C(33)-Ti(1)-Si(1)-N(1) 166.93(7) Ti(1)-C(34)-C(35)-C(39) 123.40(16) 
C(35)-Ti(1)-Si(1)-N(1) -143.81(7) C(33)-C(34)-C(35)-Ti(1) 60.05(11) 
C(43)-Ti(1)-Si(1)-N(1) 34.49(9) C(38)-C(34)-C(35)-Ti(1) -131.21(16) 
C(42)-Ti(1)-Si(1)-N(1) 47.42(7) N(1)-Ti(1)-C(35)-C(34) -114.32(9) 
C(34)-Ti(1)-Si(1)-N(1) -176.30(7) C(32)-Ti(1)-C(35)-C(34) -77.98(10) 
N(1)-Ti(1)-Si(1)-C(30) -97.88(9) C(45)-Ti(1)-C(35)-C(34) 32.32(10) 
C(32)-Ti(1)-Si(1)-C(30) 98.68(9) Cl(1)-Ti(1)-C(35)-C(34) 153.50(9) 
C(45)-Ti(1)-Si(1)-C(30) 10.17(8) C(36)-Ti(1)-C(35)-C(34) -117.07(13) 
Cl(1)-Ti(1)-Si(1)-C(30) -160.64(6) C(44)-Ti(1)-C(35)-C(34) 67.70(10) 
C(36)-Ti(1)-Si(1)-C(30) 133.48(8) C(41)-Ti(1)-C(35)-C(34) 14.04(13) 
C(44)-Ti(1)-Si(1)-C(30) -5.74(13) C(33)-Ti(1)-C(35)-C(34) -35.85(9) 
C(41)-Ti(1)-Si(1)-C(30) -17.45(8) C(43)-Ti(1)-C(35)-C(34) 89.11(10) 
C(33)-Ti(1)-Si(1)-C(30) 69.05(7) C(42)-Ti(1)-C(35)-C(34) 61.17(16) 
C(35)-Ti(1)-Si(1)-C(30) 118.31(7) N(1)-Ti(1)-C(35)-C(36) 2.75(10) 
C(43)-Ti(1)-Si(1)-C(30) -63.38(9) C(32)-Ti(1)-C(35)-C(36) 39.09(8) 
C(42)-Ti(1)-Si(1)-C(30) -50.45(8) C(45)-Ti(1)-C(35)-C(36) 149.39(9) 
C(34)-Ti(1)-Si(1)-C(30) 85.83(7) Cl(1)-Ti(1)-C(35)-C(36) -89.43(8) 
N(1)-Ti(1)-Si(1)-C(31) 82.70(10) C(44)-Ti(1)-C(35)-C(36) -175.23(9) 
C(32)-Ti(1)-Si(1)-C(31) -80.74(10) C(41)-Ti(1)-C(35)-C(36) 131.11(9) 
C(45)-Ti(1)-Si(1)-C(31) -169.26(9) C(33)-Ti(1)-C(35)-C(36) 81.22(9) 
Cl(1)-Ti(1)-Si(1)-C(31) 19.94(8) C(43)-Ti(1)-C(35)-C(36) -153.82(9) 
C(36)-Ti(1)-Si(1)-C(31) -45.95(9) C(42)-Ti(1)-C(35)-C(36) 178.24(12) 
C(44)-Ti(1)-Si(1)-C(31) 174.84(13) C(34)-Ti(1)-C(35)-C(36) 117.07(13) 
C(41)-Ti(1)-Si(1)-C(31) 163.13(9) N(1)-Ti(1)-C(35)-C(39) 123.03(13) 
C(33)-Ti(1)-Si(1)-C(31) -110.37(9) C(32)-Ti(1)-C(35)-C(39) 159.37(15) 
C(35)-Ti(1)-Si(1)-C(31) -61.11(9) C(45)-Ti(1)-C(35)-C(39) -90.33(14) 
C(43)-Ti(1)-Si(1)-C(31) 117.20(10) Cl(1)-Ti(1)-C(35)-C(39) 30.84(13) 
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C(42)-Ti(1)-Si(1)-C(31) 130.12(9) C(36)-Ti(1)-C(35)-C(39) 120.28(17) 
C(34)-Ti(1)-Si(1)-C(31) -93.60(9) C(44)-Ti(1)-C(35)-C(39) -54.95(14) 
N(1)-Ti(1)-Si(1)-C(32) 163.44(8) C(41)-Ti(1)-C(35)-C(39) -108.62(14) 
C(45)-Ti(1)-Si(1)-C(32) -88.52(8) C(33)-Ti(1)-C(35)-C(39) -158.50(16) 
Cl(1)-Ti(1)-Si(1)-C(32) 100.68(6) C(43)-Ti(1)-C(35)-C(39) -33.54(16) 
C(36)-Ti(1)-Si(1)-C(32) 34.79(7) C(42)-Ti(1)-C(35)-C(39) -61.5(2) 
C(44)-Ti(1)-Si(1)-C(32) -104.42(12) C(34)-Ti(1)-C(35)-C(39) -122.65(18) 
C(41)-Ti(1)-Si(1)-C(32) -116.13(7) C(34)-C(35)-C(36)-C(32) 0.45(18) 
C(33)-Ti(1)-Si(1)-C(32) -29.63(7) C(39)-C(35)-C(36)-C(32) 176.46(15) 
C(35)-Ti(1)-Si(1)-C(32) 19.63(7) Ti(1)-C(35)-C(36)-C(32) -64.77(10) 
C(43)-Ti(1)-Si(1)-C(32) -162.07(8) C(34)-C(35)-C(36)-C(40) -175.92(15) 
C(42)-Ti(1)-Si(1)-C(32) -149.14(7) C(39)-C(35)-C(36)-C(40) 0.1(3) 
C(34)-Ti(1)-Si(1)-C(32) -12.86(7) Ti(1)-C(35)-C(36)-C(40) 118.86(16) 
C(30)-Si(1)-N(1)-C(1) -78.48(12) C(34)-C(35)-C(36)-Ti(1) 65.22(11) 
C(31)-Si(1)-N(1)-C(1) 50.48(13) C(39)-C(35)-C(36)-Ti(1) -118.77(16) 
C(32)-Si(1)-N(1)-C(1) 164.20(11) C(33)-C(32)-C(36)-C(35) -0.27(17) 
Ti(1)-Si(1)-N(1)-C(1) 176.85(14) Si(1)-C(32)-C(36)-C(35) 152.50(11) 
C(30)-Si(1)-N(1)-Ti(1) 104.66(8) Ti(1)-C(32)-C(36)-C(35) 69.83(11) 
C(31)-Si(1)-N(1)-Ti(1) -126.37(7) C(33)-C(32)-C(36)-C(40) 176.02(15) 
C(32)-Si(1)-N(1)-Ti(1) -12.65(6) Si(1)-C(32)-C(36)-C(40) -31.2(2) 
C(32)-Ti(1)-N(1)-C(1) -165.10(15) Ti(1)-C(32)-C(36)-C(40) -113.88(16) 
C(45)-Ti(1)-N(1)-C(1) 88.31(15) C(33)-C(32)-C(36)-Ti(1) -70.10(10) 
Cl(1)-Ti(1)-N(1)-C(1) -50.44(14) Si(1)-C(32)-C(36)-Ti(1) 82.67(9) 
C(36)-Ti(1)-N(1)-C(1) -131.79(15) N(1)-Ti(1)-C(36)-C(35) -177.59(9) 
C(44)-Ti(1)-N(1)-C(1) 43.57(18) C(32)-Ti(1)-C(36)-C(35) -114.62(13) 
C(41)-Ti(1)-N(1)-C(1) 80.93(15) C(45)-Ti(1)-C(36)-C(35) -41.14(12) 
C(33)-Ti(1)-N(1)-C(1) 172.24(14) Cl(1)-Ti(1)-C(36)-C(35) 85.26(8) 
C(35)-Ti(1)-N(1)-C(1) -133.32(14) C(44)-Ti(1)-C(36)-C(35) 6.53(12) 
C(43)-Ti(1)-N(1)-C(1) 27.23(16) C(41)-Ti(1)-C(36)-C(35) -89.36(13) 
C(42)-Ti(1)-N(1)-C(1) 48.55(14) C(33)-Ti(1)-C(36)-C(35) -75.50(9) 
C(34)-Ti(1)-N(1)-C(1) -171.20(13) C(43)-Ti(1)-C(36)-C(35) 54.30(16) 
C(32)-Ti(1)-N(1)-Si(1) 10.74(6) C(42)-Ti(1)-C(36)-C(35) -175.5(3) 
C(45)-Ti(1)-N(1)-Si(1) -95.85(8) C(34)-Ti(1)-C(36)-C(35) -35.45(9) 
Cl(1)-Ti(1)-N(1)-Si(1) 125.40(5) N(1)-Ti(1)-C(36)-C(32) -62.98(9) 
C(36)-Ti(1)-N(1)-Si(1) 44.05(6) C(45)-Ti(1)-C(36)-C(32) 73.47(11) 
C(44)-Ti(1)-N(1)-Si(1) -140.59(8) Cl(1)-Ti(1)-C(36)-C(32) -160.12(8) 
C(41)-Ti(1)-N(1)-Si(1) -103.22(7) C(44)-Ti(1)-C(36)-C(32) 121.14(10) 
C(33)-Ti(1)-N(1)-Si(1) -11.92(7) C(41)-Ti(1)-C(36)-C(32) 25.26(15) 
C(35)-Ti(1)-N(1)-Si(1) 42.53(8) C(33)-Ti(1)-C(36)-C(32) 39.12(8) 
C(43)-Ti(1)-N(1)-Si(1) -156.93(6) C(35)-Ti(1)-C(36)-C(32) 114.62(13) 
C(42)-Ti(1)-N(1)-Si(1) -135.60(7) C(43)-Ti(1)-C(36)-C(32) 168.92(12) 
C(34)-Ti(1)-N(1)-Si(1) 4.64(9) C(42)-Ti(1)-C(36)-C(32) -60.9(3) 
Si(1)-N(1)-C(1)-N(2) 14.39(17) C(34)-Ti(1)-C(36)-C(32) 79.17(9) 
Ti(1)-N(1)-C(1)-N(2) -170.08(10) N(1)-Ti(1)-C(36)-C(40) 58.74(12) 
Si(1)-N(1)-C(1)-C(5) -160.81(12) C(32)-Ti(1)-C(36)-C(40) 121.71(16) 
Ti(1)-N(1)-C(1)-C(5) 14.7(2) C(45)-Ti(1)-C(36)-C(40) -164.81(11) 
N(1)-C(1)-N(2)-C(2) -177.78(12) Cl(1)-Ti(1)-C(36)-C(40) -38.41(11) 
C(5)-C(1)-N(2)-C(2) -2.4(2) C(44)-Ti(1)-C(36)-C(40) -117.14(12) 
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C(1)-N(2)-C(2)-C(3) 0.3(2) C(41)-Ti(1)-C(36)-C(40) 146.97(12) 
C(1)-N(2)-C(2)-C(6) 175.98(13) C(33)-Ti(1)-C(36)-C(40) 160.84(14) 
N(2)-C(2)-C(3)-C(4) 1.5(2) C(35)-Ti(1)-C(36)-C(40) -123.67(16) 
C(6)-C(2)-C(3)-C(4) -173.99(14) C(43)-Ti(1)-C(36)-C(40) -69.37(18) 
C(2)-C(3)-C(4)-C(5) -1.1(2) C(42)-Ti(1)-C(36)-C(40) 60.8(4) 
C(3)-C(4)-C(5)-C(1) -1.0(2) C(34)-Ti(1)-C(36)-C(40) -159.12(14) 
N(2)-C(1)-C(5)-C(4) 2.8(2) N(1)-Ti(1)-C(41)-C(45) 169.46(10) 
N(1)-C(1)-C(5)-C(4) 177.73(14) C(32)-Ti(1)-C(41)-C(45) 99.04(10) 
N(2)-C(2)-C(6)-C(11) -48.96(19) Cl(1)-Ti(1)-C(41)-C(45) -89.68(10) 
C(3)-C(2)-C(6)-C(11) 126.79(16) C(36)-Ti(1)-C(41)-C(45) 83.30(14) 
N(2)-C(2)-C(6)-C(7) 132.56(15) C(44)-Ti(1)-C(41)-C(45) -38.07(10) 
C(3)-C(2)-C(6)-C(7) -51.7(2) C(33)-Ti(1)-C(41)-C(45) 71.68(10) 
C(11)-C(6)-C(7)-C(8) -1.3(2) C(35)-Ti(1)-C(41)-C(45) 32.68(13) 
C(2)-C(6)-C(7)-C(8) 177.14(14) C(43)-Ti(1)-C(41)-C(45) -78.62(11) 
C(11)-C(6)-C(7)-B(1) 171.02(15) C(42)-Ti(1)-C(41)-C(45) -113.84(14) 
C(2)-C(6)-C(7)-B(1) -10.5(2) C(34)-Ti(1)-C(41)-C(45) 40.34(11) 
C(12)-B(1)-C(7)-C(8) 138.70(15) N(1)-Ti(1)-C(41)-C(42) -76.70(10) 
C(21)-B(1)-C(7)-C(8) -35.7(2) C(32)-Ti(1)-C(41)-C(42) -147.13(9) 
C(12)-B(1)-C(7)-C(6) -33.7(2) C(45)-Ti(1)-C(41)-C(42) 113.84(14) 
C(21)-B(1)-C(7)-C(6) 151.87(14) Cl(1)-Ti(1)-C(41)-C(42) 24.16(12) 
C(6)-C(7)-C(8)-C(9) 2.6(2) C(36)-Ti(1)-C(41)-C(42) -162.86(10) 
B(1)-C(7)-C(8)-C(9) -170.50(15) C(44)-Ti(1)-C(41)-C(42) 75.76(10) 
C(7)-C(8)-C(9)-C(10) -2.1(2) C(33)-Ti(1)-C(41)-C(42) -174.48(10) 
C(8)-C(9)-C(10)-C(11) 0.2(2) C(35)-Ti(1)-C(41)-C(42) 146.52(9) 
C(9)-C(10)-C(11)-C(6) 1.1(2) C(43)-Ti(1)-C(41)-C(42) 35.22(9) 
C(7)-C(6)-C(11)-C(10) -0.5(2) C(34)-Ti(1)-C(41)-C(42) 154.18(9) 
C(2)-C(6)-C(11)-C(10) -179.02(14) N(1)-Ti(1)-C(41)-C(46) 46.75(16) 
C(7)-B(1)-C(12)-C(13) 137.78(16) C(32)-Ti(1)-C(41)-C(46) -23.68(17) 
C(21)-B(1)-C(12)-C(13) -47.9(2) C(45)-Ti(1)-C(41)-C(46) -122.7(2) 
C(7)-B(1)-C(12)-C(17) -46.4(2) Cl(1)-Ti(1)-C(41)-C(46) 147.61(14) 
C(21)-B(1)-C(12)-C(17) 127.93(16) C(36)-Ti(1)-C(41)-C(46) -39.4(2) 
C(17)-C(12)-C(13)-C(14) 0.0(2) C(44)-Ti(1)-C(41)-C(46) -160.79(18) 
B(1)-C(12)-C(13)-C(14) 175.96(15) C(33)-Ti(1)-C(41)-C(46) -51.03(16) 
C(17)-C(12)-C(13)-C(18) 178.08(15) C(35)-Ti(1)-C(41)-C(46) -90.03(17) 
B(1)-C(12)-C(13)-C(18) -5.9(2) C(43)-Ti(1)-C(41)-C(46) 158.67(18) 
C(12)-C(13)-C(14)-C(15) -2.1(3) C(42)-Ti(1)-C(41)-C(46) 123.5(2) 
C(18)-C(13)-C(14)-C(15) 179.75(16) C(34)-Ti(1)-C(41)-C(46) -82.37(16) 
C(13)-C(14)-C(15)-C(16) 2.5(2) C(45)-C(41)-C(42)-C(43) 0.69(18) 
C(13)-C(14)-C(15)-C(19) -176.45(15) C(46)-C(41)-C(42)-C(43) 169.48(15) 
C(14)-C(15)-C(16)-C(17) -0.8(2) Ti(1)-C(41)-C(42)-C(43) -63.56(11) 
C(19)-C(15)-C(16)-C(17) 178.12(15) C(45)-C(41)-C(42)-C(47) -167.51(15) 
C(15)-C(16)-C(17)-C(12) -1.2(2) C(46)-C(41)-C(42)-C(47) 1.3(3) 
C(15)-C(16)-C(17)-C(20) -179.76(15) Ti(1)-C(41)-C(42)-C(47) 128.25(16) 
C(13)-C(12)-C(17)-C(16) 1.6(2) C(45)-C(41)-C(42)-Ti(1) 64.24(11) 
B(1)-C(12)-C(17)-C(16) -174.30(14) C(46)-C(41)-C(42)-Ti(1) -126.96(16) 
C(13)-C(12)-C(17)-C(20) -179.94(15) N(1)-Ti(1)-C(42)-C(43) -139.90(10) 
B(1)-C(12)-C(17)-C(20) 4.1(2) C(32)-Ti(1)-C(42)-C(43) 166.94(9) 
C(7)-B(1)-C(21)-C(26) -60.7(2) C(45)-Ti(1)-C(42)-C(43) 78.69(10) 
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C(12)-B(1)-C(21)-C(26) 124.65(16) Cl(1)-Ti(1)-C(42)-C(43) -44.18(10) 
C(7)-B(1)-C(21)-C(22) 120.94(16) C(36)-Ti(1)-C(42)-C(43) -142.0(3) 
C(12)-B(1)-C(21)-C(22) -53.7(2) C(44)-Ti(1)-C(42)-C(43) 36.23(10) 
C(26)-C(21)-C(22)-C(23) -3.4(2) C(41)-Ti(1)-C(42)-C(43) 117.45(14) 
B(1)-C(21)-C(22)-C(23) 174.95(15) C(33)-Ti(1)-C(42)-C(43) 124.12(10) 
C(26)-C(21)-C(22)-C(27) 175.39(15) C(35)-Ti(1)-C(42)-C(43) 44.05(17) 
B(1)-C(21)-C(22)-C(27) -6.2(2) C(34)-Ti(1)-C(42)-C(43) 82.87(11) 
C(21)-C(22)-C(23)-C(24) 0.4(2) N(1)-Ti(1)-C(42)-C(41) 102.64(10) 
C(27)-C(22)-C(23)-C(24) -178.41(15) C(32)-Ti(1)-C(42)-C(41) 49.48(13) 
C(22)-C(23)-C(24)-C(25) 2.6(2) C(45)-Ti(1)-C(42)-C(41) -38.77(10) 
C(22)-C(23)-C(24)-C(28) -178.06(15) Cl(1)-Ti(1)-C(42)-C(41) -161.64(9) 
C(23)-C(24)-C(25)-C(26) -2.7(2) C(36)-Ti(1)-C(42)-C(41) 100.5(3) 
C(28)-C(24)-C(25)-C(26) 178.01(15) C(44)-Ti(1)-C(42)-C(41) -81.23(11) 
C(24)-C(25)-C(26)-C(21) -0.4(2) C(33)-Ti(1)-C(42)-C(41) 6.66(12) 
C(24)-C(25)-C(26)-C(29) -175.99(15) C(35)-Ti(1)-C(42)-C(41) -73.41(16) 
C(22)-C(21)-C(26)-C(25) 3.4(2) C(43)-Ti(1)-C(42)-C(41) -117.45(14) 
B(1)-C(21)-C(26)-C(25) -174.97(15) C(34)-Ti(1)-C(42)-C(41) -34.58(12) 
C(22)-C(21)-C(26)-C(29) 178.85(15) N(1)-Ti(1)-C(42)-C(47) -15.03(16) 
B(1)-C(21)-C(26)-C(29) 0.5(2) C(32)-Ti(1)-C(42)-C(47) -68.19(19) 
N(1)-Si(1)-C(32)-C(33) 84.78(14) C(45)-Ti(1)-C(42)-C(47) -156.44(19) 
C(30)-Si(1)-C(32)-C(33) -34.49(16) Cl(1)-Ti(1)-C(42)-C(47) 80.69(16) 
C(31)-Si(1)-C(32)-C(33) -155.09(14) C(36)-Ti(1)-C(42)-C(47) -17.1(4) 
Ti(1)-Si(1)-C(32)-C(33) 74.10(13) C(44)-Ti(1)-C(42)-C(47) 161.10(19) 
N(1)-Si(1)-C(32)-C(36) -61.54(12) C(41)-Ti(1)-C(42)-C(47) -117.7(2) 
C(30)-Si(1)-C(32)-C(36) 179.18(12) C(33)-Ti(1)-C(42)-C(47) -111.01(16) 
C(31)-Si(1)-C(32)-C(36) 58.58(14) C(35)-Ti(1)-C(42)-C(47) 168.92(15) 
Ti(1)-Si(1)-C(32)-C(36) -72.22(11) C(43)-Ti(1)-C(42)-C(47) 124.9(2) 
N(1)-Si(1)-C(32)-Ti(1) 10.68(5) C(34)-Ti(1)-C(42)-C(47) -152.25(15) 
C(30)-Si(1)-C(32)-Ti(1) -108.59(7) C(41)-C(42)-C(43)-C(44) 0.89(18) 
C(31)-Si(1)-C(32)-Ti(1) 130.81(7) C(47)-C(42)-C(43)-C(44) 168.76(15) 
N(1)-Ti(1)-C(32)-C(33) -138.06(9) Ti(1)-C(42)-C(43)-C(44) -59.60(11) 
C(45)-Ti(1)-C(32)-C(33) -15.82(10) C(41)-C(42)-C(43)-C(48) -172.05(16) 
Cl(1)-Ti(1)-C(32)-C(33) 133.78(8) C(47)-C(42)-C(43)-C(48) -4.2(3) 
C(36)-Ti(1)-C(32)-C(33) 111.91(12) Ti(1)-C(42)-C(43)-C(48) 127.47(17) 
C(44)-Ti(1)-C(32)-C(33) 12.54(13) C(41)-C(42)-C(43)-Ti(1) 60.49(11) 
C(41)-Ti(1)-C(32)-C(33) -53.54(10) C(47)-C(42)-C(43)-Ti(1) -131.64(16) 
C(35)-Ti(1)-C(32)-C(33) 75.08(9) N(1)-Ti(1)-C(43)-C(42) 42.87(10) 
C(43)-Ti(1)-C(32)-C(33) -44.0(3) C(32)-Ti(1)-C(43)-C(42) -47.1(3) 
C(42)-Ti(1)-C(32)-C(33) -80.57(11) C(45)-Ti(1)-C(43)-C(42) -78.55(10) 
C(34)-Ti(1)-C(32)-C(33) 36.13(8) Cl(1)-Ti(1)-C(43)-C(42) 134.95(10) 
N(1)-Ti(1)-C(32)-C(36) 110.03(9) C(36)-Ti(1)-C(43)-C(42) 166.57(12) 
C(45)-Ti(1)-C(32)-C(36) -127.73(9) C(44)-Ti(1)-C(43)-C(42) -118.08(14) 
Cl(1)-Ti(1)-C(32)-C(36) 21.87(9) C(41)-Ti(1)-C(43)-C(42) -36.42(9) 
C(44)-Ti(1)-C(32)-C(36) -99.37(11) C(33)-Ti(1)-C(43)-C(42) -82.05(12) 
C(41)-Ti(1)-C(32)-C(36) -165.44(9) C(35)-Ti(1)-C(43)-C(42) -158.71(9) 
C(33)-Ti(1)-C(32)-C(36) -111.91(12) C(34)-Ti(1)-C(43)-C(42) -120.11(10) 
C(35)-Ti(1)-C(32)-C(36) -36.82(8) N(1)-Ti(1)-C(43)-C(44) 160.96(9) 
C(43)-Ti(1)-C(32)-C(36) -155.9(2) C(32)-Ti(1)-C(43)-C(44) 70.9(3) 
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C(42)-Ti(1)-C(32)-C(36) 167.52(9) C(45)-Ti(1)-C(43)-C(44) 39.53(10) 
C(34)-Ti(1)-C(32)-C(36) -75.78(9) Cl(1)-Ti(1)-C(43)-C(44) -106.97(9) 
N(1)-Ti(1)-C(32)-Si(1) -9.62(5) C(36)-Ti(1)-C(43)-C(44) -75.35(16) 
C(45)-Ti(1)-C(32)-Si(1) 112.62(6) C(41)-Ti(1)-C(43)-C(44) 81.66(10) 
Cl(1)-Ti(1)-C(32)-Si(1) -97.78(5) C(33)-Ti(1)-C(43)-C(44) 36.03(12) 
C(36)-Ti(1)-C(32)-Si(1) -119.65(10) C(35)-Ti(1)-C(43)-C(44) -40.63(12) 
C(44)-Ti(1)-C(32)-Si(1) 140.98(7) C(42)-Ti(1)-C(43)-C(44) 118.08(14) 
C(41)-Ti(1)-C(32)-Si(1) 74.90(7) C(34)-Ti(1)-C(43)-C(44) -2.03(11) 
C(33)-Ti(1)-C(32)-Si(1) 128.44(11) N(1)-Ti(1)-C(43)-C(48) -81.07(16) 
C(35)-Ti(1)-C(32)-Si(1) -156.48(8) C(32)-Ti(1)-C(43)-C(48) -171.1(2) 
C(43)-Ti(1)-C(32)-Si(1) 84.5(3) C(45)-Ti(1)-C(43)-C(48) 157.51(18) 
C(42)-Ti(1)-C(32)-Si(1) 47.87(10) Cl(1)-Ti(1)-C(43)-C(48) 11.01(15) 
C(34)-Ti(1)-C(32)-Si(1) 164.57(8) C(36)-Ti(1)-C(43)-C(48) 42.6(2) 
C(36)-C(32)-C(33)-C(34) -0.01(17) C(44)-Ti(1)-C(43)-C(48) 117.98(19) 
Si(1)-C(32)-C(33)-C(34) -149.60(12) C(41)-Ti(1)-C(43)-C(48) -160.37(18) 
Ti(1)-C(32)-C(33)-C(34) -68.16(11) C(33)-Ti(1)-C(43)-C(48) 154.01(14) 
C(36)-C(32)-C(33)-C(37) -170.23(15) C(35)-Ti(1)-C(43)-C(48) 77.35(17) 
Si(1)-C(32)-C(33)-C(37) 40.2(2) C(42)-Ti(1)-C(43)-C(48) -123.9(2) 
Ti(1)-C(32)-C(33)-C(37) 121.62(15) C(34)-Ti(1)-C(43)-C(48) 115.95(16) 
C(36)-C(32)-C(33)-Ti(1) 68.15(10) C(42)-C(43)-C(44)-C(45) -2.12(18) 
Si(1)-C(32)-C(33)-Ti(1) -81.43(12) C(48)-C(43)-C(44)-C(45) 170.91(16) 
N(1)-Ti(1)-C(33)-C(34) 155.47(9) Ti(1)-C(43)-C(44)-C(45) -65.69(11) 
C(32)-Ti(1)-C(33)-C(34) 115.85(12) C(42)-C(43)-C(44)-C(49) -174.94(16) 
C(45)-Ti(1)-C(33)-C(34) -78.74(9) C(48)-C(43)-C(44)-C(49) -1.9(3) 
Cl(1)-Ti(1)-C(33)-C(34) 48.21(10) Ti(1)-C(43)-C(44)-C(49) 121.48(17) 
C(36)-Ti(1)-C(33)-C(34) 75.77(9) C(42)-C(43)-C(44)-Ti(1) 63.58(11) 
C(44)-Ti(1)-C(33)-C(34) -55.99(10) C(48)-C(43)-C(44)-Ti(1) -123.40(16) 
C(41)-Ti(1)-C(33)-C(34) -111.67(9) N(1)-Ti(1)-C(44)-C(45) 83.95(12) 
C(35)-Ti(1)-C(33)-C(34) 35.08(8) C(32)-Ti(1)-C(44)-C(45) -49.50(13) 
C(43)-Ti(1)-C(33)-C(34) -75.82(11) Cl(1)-Ti(1)-C(44)-C(45) -178.86(10) 
C(42)-Ti(1)-C(33)-C(34) -115.32(9) C(36)-Ti(1)-C(44)-C(45) -102.49(11) 
N(1)-Ti(1)-C(33)-C(32) 39.62(9) C(41)-Ti(1)-C(44)-C(45) 37.70(10) 
C(45)-Ti(1)-C(33)-C(32) 165.41(9) C(33)-Ti(1)-C(44)-C(45) -42.05(11) 
Cl(1)-Ti(1)-C(33)-C(32) -67.64(10) C(35)-Ti(1)-C(44)-C(45) -98.81(10) 
C(36)-Ti(1)-C(33)-C(32) -40.08(8) C(43)-Ti(1)-C(44)-C(45) 112.72(14) 
C(44)-Ti(1)-C(33)-C(32) -171.84(8) C(42)-Ti(1)-C(44)-C(45) 77.91(10) 
C(41)-Ti(1)-C(33)-C(32) 132.48(9) C(34)-Ti(1)-C(44)-C(45) -69.02(10) 
C(35)-Ti(1)-C(33)-C(32) -80.77(9) N(1)-Ti(1)-C(44)-C(43) -28.77(14) 
C(43)-Ti(1)-C(33)-C(32) 168.33(8) C(32)-Ti(1)-C(44)-C(43) -162.22(9) 
C(42)-Ti(1)-C(33)-C(32) 128.83(9) C(45)-Ti(1)-C(44)-C(43) -112.72(14) 
C(34)-Ti(1)-C(33)-C(32) -115.85(12) Cl(1)-Ti(1)-C(44)-C(43) 68.42(9) 
N(1)-Ti(1)-C(33)-C(37) -80.96(14) C(36)-Ti(1)-C(44)-C(43) 144.79(9) 
C(32)-Ti(1)-C(33)-C(37) -120.58(17) C(41)-Ti(1)-C(44)-C(43) -75.02(10) 
C(45)-Ti(1)-C(33)-C(37) 44.82(13) C(33)-Ti(1)-C(44)-C(43) -154.77(9) 
Cl(1)-Ti(1)-C(33)-C(37) 171.77(11) C(35)-Ti(1)-C(44)-C(43) 148.46(9) 
C(36)-Ti(1)-C(33)-C(37) -160.67(15) C(42)-Ti(1)-C(44)-C(43) -34.81(9) 
C(44)-Ti(1)-C(33)-C(37) 67.57(14) C(34)-Ti(1)-C(44)-C(43) 178.26(10) 
C(41)-Ti(1)-C(33)-C(37) 11.89(14) N(1)-Ti(1)-C(44)-C(49) -152.71(14) 
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C(35)-Ti(1)-C(33)-C(37) 158.64(16) C(32)-Ti(1)-C(44)-C(49) 73.84(18) 
C(43)-Ti(1)-C(33)-C(37) 47.75(16) C(45)-Ti(1)-C(44)-C(49) 123.3(2) 
C(42)-Ti(1)-C(33)-C(37) 8.25(16) Cl(1)-Ti(1)-C(44)-C(49) -55.52(15) 
C(34)-Ti(1)-C(33)-C(37) 123.57(17) C(36)-Ti(1)-C(44)-C(49) 20.85(19) 
C(32)-C(33)-C(34)-C(35) 0.28(18) C(41)-Ti(1)-C(44)-C(49) 161.04(18) 
C(37)-C(33)-C(34)-C(35) 170.83(15) C(33)-Ti(1)-C(44)-C(49) 81.29(16) 
Ti(1)-C(33)-C(34)-C(35) -61.97(11) C(35)-Ti(1)-C(44)-C(49) 24.52(16) 
C(32)-C(33)-C(34)-C(38) -168.35(15) C(43)-Ti(1)-C(44)-C(49) -123.94(19) 
C(37)-C(33)-C(34)-C(38) 2.2(3) C(42)-Ti(1)-C(44)-C(49) -158.75(18) 
Ti(1)-C(33)-C(34)-C(38) 129.40(16) C(34)-Ti(1)-C(44)-C(49) 54.32(15) 
C(32)-C(33)-C(34)-Ti(1) 62.25(10) C(42)-C(41)-C(45)-C(44) -2.02(18) 
C(37)-C(33)-C(34)-Ti(1) -127.20(15) C(46)-C(41)-C(45)-C(44) -170.23(16) 
N(1)-Ti(1)-C(34)-C(35) 87.05(10) Ti(1)-C(41)-C(45)-C(44) 67.65(11) 
C(32)-Ti(1)-C(34)-C(35) 80.14(10) C(42)-C(41)-C(45)-Ti(1) -69.66(11) 
C(45)-Ti(1)-C(34)-C(35) -147.60(10) C(46)-C(41)-C(45)-Ti(1) 122.12(17) 
Cl(1)-Ti(1)-C(34)-C(35) -27.88(10) C(43)-C(44)-C(45)-C(41) 2.55(18) 
C(36)-Ti(1)-C(34)-C(35) 36.81(9) C(49)-C(44)-C(45)-C(41) 175.07(16) 
C(44)-Ti(1)-C(34)-C(35) -114.36(10) Ti(1)-C(44)-C(45)-C(41) -68.47(11) 
C(41)-Ti(1)-C(34)-C(35) -169.74(9) C(43)-C(44)-C(45)-Ti(1) 71.02(11) 
C(33)-Ti(1)-C(34)-C(35) 118.17(13) C(49)-C(44)-C(45)-Ti(1) -116.46(17) 
C(43)-Ti(1)-C(34)-C(35) -113.24(10) N(1)-Ti(1)-C(45)-C(41) -13.12(12) 
C(42)-Ti(1)-C(34)-C(35) -151.16(9) C(32)-Ti(1)-C(45)-C(41) -96.71(10) 
N(1)-Ti(1)-C(34)-C(33) -31.12(11) Cl(1)-Ti(1)-C(45)-C(41) 116.04(9) 
C(32)-Ti(1)-C(34)-C(33) -38.03(8) C(36)-Ti(1)-C(45)-C(41) -134.51(10) 
C(45)-Ti(1)-C(34)-C(33) 94.23(9) C(44)-Ti(1)-C(45)-C(41) 114.69(14) 
Cl(1)-Ti(1)-C(34)-C(33) -146.05(8) C(33)-Ti(1)-C(45)-C(41) -105.79(10) 
C(36)-Ti(1)-C(34)-C(33) -81.36(9) C(35)-Ti(1)-C(45)-C(41) -156.53(10) 
C(44)-Ti(1)-C(34)-C(33) 127.48(9) C(43)-Ti(1)-C(45)-C(41) 76.67(10) 
C(41)-Ti(1)-C(34)-C(33) 72.09(9) C(42)-Ti(1)-C(45)-C(41) 37.43(9) 
C(35)-Ti(1)-C(34)-C(33) -118.17(13) C(34)-Ti(1)-C(45)-C(41) -139.34(11) 
C(43)-Ti(1)-C(34)-C(33) 128.59(9) N(1)-Ti(1)-C(45)-C(44) -127.82(10) 
C(42)-Ti(1)-C(34)-C(33) 90.67(10) C(32)-Ti(1)-C(45)-C(44) 148.60(9) 
N(1)-Ti(1)-C(34)-C(38) -151.17(14) Cl(1)-Ti(1)-C(45)-C(44) 1.35(11) 
C(32)-Ti(1)-C(34)-C(38) -158.08(17) C(36)-Ti(1)-C(45)-C(44) 110.80(10) 
C(45)-Ti(1)-C(34)-C(38) -25.82(15) C(41)-Ti(1)-C(45)-C(44) -114.69(14) 
Cl(1)-Ti(1)-C(34)-C(38) 93.90(15) C(33)-Ti(1)-C(45)-C(44) 139.52(10) 
C(36)-Ti(1)-C(34)-C(38) 158.59(18) C(35)-Ti(1)-C(45)-C(44) 88.77(10) 
C(44)-Ti(1)-C(34)-C(38) 7.42(16) C(43)-Ti(1)-C(45)-C(44) -38.03(9) 
C(41)-Ti(1)-C(34)-C(38) -47.96(16) C(42)-Ti(1)-C(45)-C(44) -77.27(10) 
C(33)-Ti(1)-C(34)-C(38) -120.05(19) C(34)-Ti(1)-C(45)-C(44) 105.97(10) 
C(35)-Ti(1)-C(34)-C(38) 121.8(2) C(1X)#1-C(1X)-C(2X)-C(3X) 175.3(3) 
C(43)-Ti(1)-C(34)-C(38) 8.54(17)   
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Figure S104. Single-crystal X-ray analysis data of compound Zr-2(CH3)2. 
 
Table S8.1 Crystal data and structure refinement for Zr-2(CH3)2. 
Empirical formula C42H53BN2SiZr 
Formula weight 715.98 
Temperature 100(2) K 
Wavelength 0.71073 Å 
Crystal system, space group Triclinic,  P1  
Unit cell dimensions a =  8.6885(10) Å α = 79.834(5)º 
 b = 12.1849(12) Å β = 85.356(6)º 
 c = 18.105(2) Å γ = 81.823(5)º 
Volume 1864.4(4) Å3 
Z, Calculated density 2,  1.275 mg/m3 
Absorption coefficient 0.358 mm-1 
F(000) 756 
Crystal size 0.21 x 0.16 x 0.09 mm 
Theta range for data collection 1.71 to 26.45º 
Limiting indices -10<=h<=10, -15<=k<=10, -22<=l<=22 
Reflections collected / unique 27284 / 7603 [R(int) = 0.0573] 
Completeness to theta = 26.45 98.90% 
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.7454 and 0.7066 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 7603 / 0 / 438 
Goodness-of-fit on F2 1.041 
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Final R indices [I>2(I)] R1 = 0.0423, wR2 = 0.0769 
R indices (all data) R1 = 0.0738, wR2 = 0.0833 
Largest diff. peak and hole 0.431 and -0.419 e.Å-3 
 
Table S8.2 Atomic coordinates (×104) and equivalent isotropic displacement 
parameters (Å2×103) for Zr-2(CH3)2. U(eq) is defined as one third of the trace of the 
orthogonalized Uij tensor.  
 x y z U(eq) 
Zr(1) 1992(1) 139(1) 2071(1) 15(1) 
Si(1) 2650(1) 1251(1) 374(1) 18(1) 
B(1) -1114(3) 4323(2) 3361(2) 13(1) 
N(1) 1272(3) 1356(2) 1102(1) 26(1) 
C(1) 21(3) 2021(2) 1360(2) 18(1) 
N(2) -170(2) 1766(2) 2125(1) 16(1) 
C(2) -1321(3) 2377(2) 2485(1) 14(1) 
C(3) -2359(3) 3199(2) 2092(2) 17(1) 
C(4) -2179(3) 3432(2) 1311(2) 19(1) 
C(5) -975(3) 2847(2) 942(2) 19(1) 
C(6) -1404(3) 2173(2) 3318(2) 14(1) 
C(7) -1416(3) 3080(2) 3715(1) 13(1) 
C(8) -1533(3) 2824(2) 4503(1) 17(1) 
C(9) -1595(3) 1737(2) 4887(2) 20(1) 
C(10) -1604(3) 867(2) 4487(2) 20(1) 
C(11) -1513(3) 1087(2) 3708(2) 17(1) 
C(12) 80(3) 4560(2) 2661(1) 13(1) 
C(13) 1633(3) 4005(2) 2667(2) 15(1) 
C(14) 2679(3) 4254(2) 2054(2) 17(1) 
C(15) 2261(3) 5020(2) 1422(2) 20(1) 
C(16) 734(3) 5565(2) 1414(2) 18(1) 
C(17) -341(3) 5367(2) 2023(1) 15(1) 
C(18) 2217(3) 3199(2) 3343(2) 22(1) 
C(19) 3430(3) 5277(2) 769(2) 31(1) 
C(20) -1941(3) 6029(2) 1974(2) 21(1) 
C(21) -1931(3) 5317(2) 3771(1) 14(1) 
C(22) -3564(3) 5462(2) 3957(1) 14(1) 
C(23) -4235(3) 6338(2) 4329(1) 16(1) 
C(24) -3363(3) 7091(2) 4538(1) 16(1) 
C(25) -1779(3) 6948(2) 4358(1) 18(1) 
C(26) -1049(3) 6096(2) 3978(1) 15(1) 
C(27) -4649(3) 4742(2) 3715(2) 17(1) 
C(28) -4122(3) 8047(2) 4928(2) 22(1) 
C(29) 702(3) 6024(2) 3825(2) 24(1) 
C(30) 240(3) -1084(2) 2318(2) 24(1) 
C(31) 2616(3) 304(2) 3236(2) 22(1) 
C(32) 3573(4) 2562(2) 84(2) 34(1) 
C(33) 1962(3) 955(2) -502(2) 26(1) 
C(34) 3833(3) 41(2) 962(1) 15(1) 
C(35) 4734(3) 156(2) 1565(2) 18(1) 
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C(36) 4822(3) -851(2) 2103(2) 16(1) 
C(37) 3940(3) -1594(2) 1847(2) 17(1) 
C(38) 3343(3) -1056(2) 1152(2) 16(1) 
C(39) 5505(3) 1160(2) 1641(2) 23(1) 
C(40) 5798(3) -1152(2) 2770(2) 23(1) 
C(41) 3774(3) -2774(2) 2236(2) 23(1) 
C(42) 2358(3) -1566(2) 687(2) 24(1) 
 
Table S8.3 Bond lengths [Å] and angles [º] for Zr-2(CH3)2.  
Zr(1)-N(1) 2.160(2) C(20)-H(20A) 0.98 
Zr(1)-C(30) 2.244(2) C(20)-H(20B) 0.98 
Zr(1)-C(31) 2.269(3) C(20)-H(20C) 0.98 
Zr(1)-C(34) 2.473(2) C(21)-C(26) 1.417(3) 
Zr(1)-C(35) 2.484(3) C(21)-C(22) 1.425(3) 
Zr(1)-C(38) 2.514(2) C(22)-C(23) 1.396(3) 
Zr(1)-N(2) 2.539(2) C(22)-C(27) 1.512(3) 
Zr(1)-C(36) 2.581(3) C(23)-C(24) 1.388(3) 
Zr(1)-C(37) 2.581(2) C(23)-H(23) 0.95 
Zr(1)-C(1) 2.837(3) C(24)-C(25) 1.382(4) 
Zr(1)-Si(1) 3.1731(8) C(24)-C(28) 1.512(3) 
Si(1)-N(1) 1.716(2) C(25)-C(26) 1.396(3) 
Si(1)-C(33) 1.849(3) C(25)-H(25) 0.95 
Si(1)-C(32) 1.864(3) C(26)-C(29) 1.517(4) 
Si(1)-C(34) 1.885(3) C(27)-H(27A) 0.98 
B(1)-C(12) 1.584(4) C(27)-H(27B) 0.98 
B(1)-C(21) 1.584(4) C(27)-H(27C) 0.98 
B(1)-C(7) 1.586(4) C(28)-H(28A) 0.98 
N(1)-C(1) 1.363(3) C(28)-H(28B) 0.98 
C(1)-N(2) 1.367(3) C(28)-H(28C) 0.98 
C(1)-C(5) 1.386(4) C(29)-H(29A) 0.98 
N(2)-C(2) 1.354(3) C(29)-H(29B) 0.98 
C(2)-C(3) 1.384(4) C(29)-H(29C) 0.98 
C(2)-C(6) 1.483(4) C(30)-H(30A) 0.98 
C(3)-C(4) 1.392(4) C(30)-H(30B) 0.98 
C(3)-H(3) 0.95 C(30)-H(30C) 0.98 
C(4)-C(5) 1.375(4) C(31)-H(31A) 0.98 
C(4)-H(4) 0.95 C(31)-H(31B) 0.98 
C(5)-H(5) 0.95 C(31)-H(31C) 0.98 
C(6)-C(11) 1.398(3) C(32)-H(32A) 0.98 
C(6)-C(7) 1.417(3) C(32)-H(32B) 0.98 
C(7)-C(8) 1.404(3) C(32)-H(32C) 0.98 
C(8)-C(9) 1.389(3) C(33)-H(33A) 0.98 
C(8)-H(8) 0.95 C(33)-H(33B) 0.98 
C(9)-C(10) 1.387(4) C(33)-H(33C) 0.98 
C(9)-H(9) 0.95 C(34)-C(35) 1.431(4) 
C(10)-C(11) 1.385(4) C(34)-C(38) 1.436(3) 
C(10)-H(10) 0.95 C(35)-C(36) 1.423(4) 
C(11)-H(11) 0.95 C(35)-C(39) 1.507(3) 
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C(12)-C(17) 1.415(4) C(36)-C(37) 1.422(3) 
C(12)-C(13) 1.420(4) C(36)-C(40) 1.494(4) 
C(13)-C(14) 1.396(3) C(37)-C(38) 1.413(4) 
C(13)-C(18) 1.501(4) C(37)-C(41) 1.507(3) 
C(14)-C(15) 1.381(4) C(38)-C(42) 1.510(4) 
C(14)-H(14) 0.95 C(39)-H(39A) 0.98 
C(15)-C(16) 1.396(4) C(39)-H(39B) 0.98 
C(15)-C(19) 1.514(4) C(39)-H(39C) 0.98 
C(16)-C(17) 1.397(3) C(40)-H(40A) 0.98 
C(16)-H(16) 0.95 C(40)-H(40B) 0.98 
C(17)-C(20) 1.506(4) C(40)-H(40C) 0.98 
C(18)-H(18A) 0.98 C(41)-H(41A) 0.98 
C(18)-H(18B) 0.98 C(41)-H(41B) 0.98 
C(18)-H(18C) 0.98 C(41)-H(41C) 0.98 
C(19)-H(19A) 0.98 C(42)-H(42A) 0.98 
C(19)-H(19B) 0.98 C(42)-H(42B) 0.98 
C(19)-H(19C) 0.98 C(42)-H(42C) 0.98 
    
N(1)-Zr(1)-C(30) 107.52(10) H(18A)-C(18)-H(18B) 109.5 
N(1)-Zr(1)-C(31) 132.95(9) C(13)-C(18)-H(18C) 109.5 
C(30)-Zr(1)-C(31) 102.70(10) H(18A)-C(18)-H(18C) 109.5 
N(1)-Zr(1)-C(34) 67.08(9) H(18B)-C(18)-H(18C) 109.5 
C(30)-Zr(1)-C(34) 118.48(9) C(15)-C(19)-H(19A) 109.5 
C(31)-Zr(1)-C(34) 125.83(9) C(15)-C(19)-H(19B) 109.5 
N(1)-Zr(1)-C(35) 88.81(9) H(19A)-C(19)-H(19B) 109.5 
C(30)-Zr(1)-C(35) 137.90(9) C(15)-C(19)-H(19C) 109.5 
C(31)-Zr(1)-C(35) 92.27(9) H(19A)-C(19)-H(19C) 109.5 
C(34)-Zr(1)-C(35) 33.56(8) H(19B)-C(19)-H(19C) 109.5 
N(1)-Zr(1)-C(38) 86.45(9) C(17)-C(20)-H(20A) 109.5 
C(30)-Zr(1)-C(38) 87.24(9) C(17)-C(20)-H(20B) 109.5 
C(31)-Zr(1)-C(38) 130.67(9) H(20A)-C(20)-H(20B) 109.5 
C(34)-Zr(1)-C(38) 33.46(8) C(17)-C(20)-H(20C) 109.5 
C(35)-Zr(1)-C(38) 54.53(8) H(20A)-C(20)-H(20C) 109.5 
N(1)-Zr(1)-N(2) 56.29(7) H(20B)-C(20)-H(20C) 109.5 
C(30)-Zr(1)-N(2) 90.31(8) C(26)-C(21)-C(22) 117.1(2) 
C(31)-Zr(1)-N(2) 88.90(8) C(26)-C(21)-B(1) 120.8(2) 
C(34)-Zr(1)-N(2) 122.15(8) C(22)-C(21)-B(1) 122.1(2) 
C(35)-Zr(1)-N(2) 129.58(7) C(23)-C(22)-C(21) 120.3(2) 
C(38)-Zr(1)-N(2) 139.86(8) C(23)-C(22)-C(27) 117.4(2) 
N(1)-Zr(1)-C(36) 119.75(8) C(21)-C(22)-C(27) 122.2(2) 
C(30)-Zr(1)-C(36) 112.42(9) C(24)-C(23)-C(22) 122.3(2) 
C(31)-Zr(1)-C(36) 78.52(9) C(24)-C(23)-H(23) 118.8 
C(34)-Zr(1)-C(36) 54.79(9) C(22)-C(23)-H(23) 118.8 
C(35)-Zr(1)-C(36) 32.56(8) C(25)-C(24)-C(23) 117.2(2) 
C(38)-Zr(1)-C(36) 53.58(8) C(25)-C(24)-C(28) 121.4(2) 
N(2)-Zr(1)-C(36) 155.85(7) C(23)-C(24)-C(28) 121.3(2) 
N(1)-Zr(1)-C(37) 117.85(8) C(24)-C(25)-C(26) 122.9(2) 
C(30)-Zr(1)-C(37) 84.69(9) C(24)-C(25)-H(25) 118.6 
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C(31)-Zr(1)-C(37) 99.90(9) C(26)-C(25)-H(25) 118.6 
C(34)-Zr(1)-C(37) 54.63(8) C(25)-C(26)-C(21) 120.2(2) 
C(35)-Zr(1)-C(37) 53.81(8) C(25)-C(26)-C(29) 117.5(2) 
C(38)-Zr(1)-C(37) 32.18(8) C(21)-C(26)-C(29) 122.3(2) 
N(2)-Zr(1)-C(37) 170.64(8) C(22)-C(27)-H(27A) 109.5 
C(36)-Zr(1)-C(37) 32.00(8) C(22)-C(27)-H(27B) 109.5 
N(1)-Zr(1)-C(1) 27.64(8) H(27A)-C(27)-H(27B) 109.5 
C(30)-Zr(1)-C(1) 98.17(9) C(22)-C(27)-H(27C) 109.5 
C(31)-Zr(1)-C(1) 113.78(9) H(27A)-C(27)-H(27C) 109.5 
C(34)-Zr(1)-C(1) 94.49(8) H(27B)-C(27)-H(27C) 109.5 
C(35)-Zr(1)-C(1) 111.44(8) C(24)-C(28)-H(28A) 109.5 
C(38)-Zr(1)-C(1) 112.28(8) C(24)-C(28)-H(28B) 109.5 
N(2)-Zr(1)-C(1) 28.79(7) H(28A)-C(28)-H(28B) 109.5 
C(36)-Zr(1)-C(1) 143.99(8) C(24)-C(28)-H(28C) 109.5 
C(37)-Zr(1)-C(1) 144.43(8) H(28A)-C(28)-H(28C) 109.5 
N(1)-Zr(1)-Si(1) 30.69(6) H(28B)-C(28)-H(28C) 109.5 
C(30)-Zr(1)-Si(1) 118.20(8) C(26)-C(29)-H(29A) 109.5 
C(31)-Zr(1)-Si(1) 138.79(7) C(26)-C(29)-H(29B) 109.5 
C(34)-Zr(1)-Si(1) 36.41(6) H(29A)-C(29)-H(29B) 109.5 
C(35)-Zr(1)-Si(1) 61.16(7) C(26)-C(29)-H(29C) 109.5 
C(38)-Zr(1)-Si(1) 60.39(6) H(29A)-C(29)-H(29C) 109.5 
N(2)-Zr(1)-Si(1) 86.22(5) H(29B)-C(29)-H(29C) 109.5 
C(36)-Zr(1)-Si(1) 89.79(6) Zr(1)-C(30)-H(30A) 109.5 
C(37)-Zr(1)-Si(1) 89.18(6) Zr(1)-C(30)-H(30B) 109.5 
C(1)-Zr(1)-Si(1) 58.10(5) H(30A)-C(30)-H(30B) 109.5 
N(1)-Si(1)-C(33) 116.14(13) Zr(1)-C(30)-H(30C) 109.5 
N(1)-Si(1)-C(32) 112.21(13) H(30A)-C(30)-H(30C) 109.5 
C(33)-Si(1)-C(32) 104.97(14) H(30B)-C(30)-H(30C) 109.5 
N(1)-Si(1)-C(34) 91.07(11) Zr(1)-C(31)-H(31A) 109.5 
C(33)-Si(1)-C(34) 116.16(12) Zr(1)-C(31)-H(31B) 109.5 
C(32)-Si(1)-C(34) 116.41(13) H(31A)-C(31)-H(31B) 109.5 
N(1)-Si(1)-Zr(1) 39.96(8) Zr(1)-C(31)-H(31C) 109.5 
C(33)-Si(1)-Zr(1) 130.23(9) H(31A)-C(31)-H(31C) 109.5 
C(32)-Si(1)-Zr(1) 124.00(10) H(31B)-C(31)-H(31C) 109.5 
C(34)-Si(1)-Zr(1) 51.15(8) Si(1)-C(32)-H(32A) 109.5 
C(12)-B(1)-C(21) 120.5(2) Si(1)-C(32)-H(32B) 109.5 
C(12)-B(1)-C(7) 121.3(2) H(32A)-C(32)-H(32B) 109.5 
C(21)-B(1)-C(7) 118.0(2) Si(1)-C(32)-H(32C) 109.5 
C(1)-N(1)-Si(1) 144.3(2) H(32A)-C(32)-H(32C) 109.5 
C(1)-N(1)-Zr(1) 105.03(17) H(32B)-C(32)-H(32C) 109.5 
Si(1)-N(1)-Zr(1) 109.35(11) Si(1)-C(33)-H(33A) 109.5 
N(1)-C(1)-N(2) 110.4(2) Si(1)-C(33)-H(33B) 109.5 
N(1)-C(1)-C(5) 127.7(2) H(33A)-C(33)-H(33B) 109.5 
N(2)-C(1)-C(5) 121.9(2) Si(1)-C(33)-H(33C) 109.5 
N(1)-C(1)-Zr(1) 47.33(13) H(33A)-C(33)-H(33C) 109.5 
N(2)-C(1)-Zr(1) 63.41(14) H(33B)-C(33)-H(33C) 109.5 
C(5)-C(1)-Zr(1) 172.07(19) C(35)-C(34)-C(38) 106.0(2) 
C(2)-N(2)-C(1) 118.7(2) C(35)-C(34)-Si(1) 124.19(18) 
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C(2)-N(2)-Zr(1) 153.31(18) C(38)-C(34)-Si(1) 122.25(19) 
C(1)-N(2)-Zr(1) 87.80(15) C(35)-C(34)-Zr(1) 73.61(14) 
N(2)-C(2)-C(3) 121.4(2) C(38)-C(34)-Zr(1) 74.80(14) 
N(2)-C(2)-C(6) 118.0(2) Si(1)-C(34)-Zr(1) 92.44(10) 
C(3)-C(2)-C(6) 120.6(2) C(36)-C(35)-C(34) 109.3(2) 
C(2)-C(3)-C(4) 119.3(2) C(36)-C(35)-C(39) 123.6(2) 
C(2)-C(3)-H(3) 120.3 C(34)-C(35)-C(39) 127.2(2) 
C(4)-C(3)-H(3) 120.3 C(36)-C(35)-Zr(1) 77.47(14) 
C(5)-C(4)-C(3) 119.7(3) C(34)-C(35)-Zr(1) 72.83(14) 
C(5)-C(4)-H(4) 120.2 C(39)-C(35)-Zr(1) 116.87(17) 
C(3)-C(4)-H(4) 120.2 C(37)-C(36)-C(35) 107.4(2) 
C(4)-C(5)-C(1) 118.9(3) C(37)-C(36)-C(40) 124.9(2) 
C(4)-C(5)-H(5) 120.6 C(35)-C(36)-C(40) 127.3(2) 
C(1)-C(5)-H(5) 120.6 C(37)-C(36)-Zr(1) 74.01(15) 
C(11)-C(6)-C(7) 120.4(2) C(35)-C(36)-Zr(1) 69.97(14) 
C(11)-C(6)-C(2) 119.4(2) C(40)-C(36)-Zr(1) 126.75(17) 
C(7)-C(6)-C(2) 120.1(2) C(38)-C(37)-C(36) 108.2(2) 
C(8)-C(7)-C(6) 116.8(2) C(38)-C(37)-C(41) 126.8(2) 
C(8)-C(7)-B(1) 116.5(2) C(36)-C(37)-C(41) 124.9(3) 
C(6)-C(7)-B(1) 126.3(2) C(38)-C(37)-Zr(1) 71.29(14) 
C(9)-C(8)-C(7) 122.5(2) C(36)-C(37)-Zr(1) 74.00(14) 
C(9)-C(8)-H(8) 118.8 C(41)-C(37)-Zr(1) 123.48(17) 
C(7)-C(8)-H(8) 118.8 C(37)-C(38)-C(34) 109.1(2) 
C(10)-C(9)-C(8) 119.7(2) C(37)-C(38)-C(42) 125.0(2) 
C(10)-C(9)-H(9) 120.2 C(34)-C(38)-C(42) 125.9(2) 
C(8)-C(9)-H(9) 120.2 C(37)-C(38)-Zr(1) 76.53(15) 
C(11)-C(10)-C(9) 119.6(2) C(34)-C(38)-Zr(1) 71.74(14) 
C(11)-C(10)-H(10) 120.2 C(42)-C(38)-Zr(1) 118.44(17) 
C(9)-C(10)-H(10) 120.2 C(35)-C(39)-H(39A) 109.5 
C(10)-C(11)-C(6) 121.0(2) C(35)-C(39)-H(39B) 109.5 
C(10)-C(11)-H(11) 119.5 H(39A)-C(39)-H(39B) 109.5 
C(6)-C(11)-H(11) 119.5 C(35)-C(39)-H(39C) 109.5 
C(17)-C(12)-C(13) 117.7(2) H(39A)-C(39)-H(39C) 109.5 
C(17)-C(12)-B(1) 121.2(2) H(39B)-C(39)-H(39C) 109.5 
C(13)-C(12)-B(1) 121.1(2) C(36)-C(40)-H(40A) 109.5 
C(14)-C(13)-C(12) 120.1(2) C(36)-C(40)-H(40B) 109.5 
C(14)-C(13)-C(18) 118.4(2) H(40A)-C(40)-H(40B) 109.5 
C(12)-C(13)-C(18) 121.4(2) C(36)-C(40)-H(40C) 109.5 
C(15)-C(14)-C(13) 122.4(3) H(40A)-C(40)-H(40C) 109.5 
C(15)-C(14)-H(14) 118.8 H(40B)-C(40)-H(40C) 109.5 
C(13)-C(14)-H(14) 118.8 C(37)-C(41)-H(41A) 109.5 
C(14)-C(15)-C(16) 117.6(2) C(37)-C(41)-H(41B) 109.5 
C(14)-C(15)-C(19) 121.0(3) H(41A)-C(41)-H(41B) 109.5 
C(16)-C(15)-C(19) 121.3(3) C(37)-C(41)-H(41C) 109.5 
C(15)-C(16)-C(17) 122.0(3) H(41A)-C(41)-H(41C) 109.5 
C(15)-C(16)-H(16) 119 H(41B)-C(41)-H(41C) 109.5 
C(17)-C(16)-H(16) 119 C(38)-C(42)-H(42A) 109.5 
C(16)-C(17)-C(12) 120.1(2) C(38)-C(42)-H(42B) 109.5 
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C(16)-C(17)-C(20) 118.1(2) H(42A)-C(42)-H(42B) 109.5 
C(12)-C(17)-C(20) 121.7(2) C(38)-C(42)-H(42C) 109.5 
C(13)-C(18)-H(18A) 109.5 H(42A)-C(42)-H(42C) 109.5 
C(13)-C(18)-H(18B) 109.5 H(42B)-C(42)-H(42C) 109.5 
 
Table S8.4 Anisotropic displacement parameters (Å2×103) for Zr-2(CH3)2. The 
anisotropic displacement factor exponent takes the form: -2 pi2[h2 a*2 U11 + ... + 2 h k 
a* b* U12].  
 U11 U22 U33 U23 U13 U12 
Zr(1) 15(1) 15(1) 14(1) -2(1) 2(1) 0(1) 
Si(1) 21(1) 18(1) 14(1) -2(1) 3(1) -1(1) 
B(1) 9(2) 21(2) 10(2) -1(1) -7(1) -2(1) 
N(1) 28(2) 26(1) 16(1) 1(1) 5(1) 12(1) 
C(1) 21(2) 16(1) 15(2) -2(1) 1(1) -1(1) 
N(2) 17(1) 16(1) 15(1) -2(1) 2(1) -1(1) 
C(2) 12(1) 14(1) 18(2) -7(1) 0(1) -4(1) 
C(3) 14(2) 17(1) 20(2) -6(1) -1(1) 0(1) 
C(4) 19(2) 17(1) 22(2) -5(1) -7(1) 3(1) 
C(5) 26(2) 19(1) 12(2) -2(1) -3(1) -1(1) 
C(6) 6(1) 17(1) 19(2) -3(1) 1(1) 1(1) 
C(7) 10(1) 16(1) 14(1) -2(1) -1(1) -2(1) 
C(8) 16(2) 21(1) 14(2) -4(1) 2(1) -3(1) 
C(9) 20(2) 25(2) 13(2) 3(1) 2(1) -4(1) 
C(10) 16(2) 17(1) 23(2) 5(1) 4(1) -2(1) 
C(11) 12(2) 18(1) 22(2) -6(1) 4(1) -3(1) 
C(12) 15(2) 12(1) 13(1) -4(1) 0(1) -4(1) 
C(13) 15(2) 12(1) 19(2) -4(1) -1(1) -5(1) 
C(14) 11(1) 16(1) 26(2) -9(1) 1(1) -1(1) 
C(15) 22(2) 18(1) 20(2) -7(1) 7(1) -8(1) 
C(16) 26(2) 14(1) 13(2) 2(1) -1(1) -5(1) 
C(17) 17(2) 15(1) 15(2) -3(1) 0(1) -5(1) 
C(18) 15(2) 21(1) 29(2) 0(1) 0(1) -1(1) 
C(19) 31(2) 30(2) 30(2) -6(1) 15(2) -3(1) 
C(20) 25(2) 20(1) 16(2) 4(1) -1(1) -2(1) 
C(21) 16(2) 15(1) 8(1) 2(1) 1(1) -4(1) 
C(22) 16(2) 16(1) 9(1) 2(1) -1(1) -2(1) 
C(23) 12(1) 20(1) 13(2) 0(1) 0(1) 1(1) 
C(24) 21(2) 15(1) 10(1) 1(1) -1(1) 3(1) 
C(25) 20(2) 20(1) 13(2) -2(1) -4(1) -6(1) 
C(26) 15(2) 17(1) 11(1) 1(1) -1(1) -1(1) 
C(27) 13(2) 19(1) 19(2) -1(1) 1(1) -2(1) 
C(28) 22(2) 21(1) 23(2) -5(1) -1(1) 2(1) 
C(29) 19(2) 30(2) 29(2) -15(1) 3(1) -9(1) 
C(30) 15(2) 28(2) 30(2) -7(1) 1(1) -1(1) 
C(31) 23(2) 22(1) 20(2) -3(1) 1(1) 3(1) 
C(32) 44(2) 23(2) 33(2) 4(1) -10(2) -7(2) 
C(33) 21(2) 30(2) 24(2) -2(1) -1(1) 6(1) 
C(34) 12(1) 19(1) 14(2) -5(1) 3(1) -1(1) 
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C(35) 14(2) 19(1) 20(2) -7(1) 5(1) 0(1) 
C(36) 11(1) 20(1) 17(2) -4(1) 1(1) 1(1) 
C(37) 11(2) 16(1) 22(2) -5(1) 4(1) 2(1) 
C(38) 13(1) 17(1) 18(2) -6(1) 2(1) 0(1) 
C(39) 22(2) 26(2) 22(2) -4(1) -2(1) -7(1) 
C(40) 14(2) 27(2) 28(2) -3(1) -1(1) -3(1) 
C(41) 18(2) 19(1) 30(2) -1(1) 0(1) 1(1) 
C(42) 23(2) 21(1) 28(2) -8(1) 2(1) -3(1) 
 
Table S8.5 Hydrogen coordinates (×104) and isotropic displacement parameters 
(Å2×103) for Zr-2(CH3)2.    
 x y z U(eq) 
H(3) -3185 3599 2352 20 
H(4) -2885 3992 1035 23 
H(5) -829 3005 410 23 
H(8) -1570 3417 4784 20 
H(9) -1632 1591 5420 24 
H(10) -1671 124 4745 24 
H(11) -1525 490 3435 21 
H(14) 3717 3883 2072 21 
H(16) 418 6086 981 22 
H(18A) 3340 2980 3267 33 
H(18B) 1682 2529 3414 33 
H(18C) 2009 3562 3789 33 
H(19A) 4039 5848 870 47 
H(19B) 2879 5561 309 47 
H(19C) 4129 4590 707 47 
H(20A) -2025 6624 2280 32 
H(20B) -2725 5527 2161 32 
H(20C) -2114 6365 1450 32 
H(23) -5328 6422 4444 19 
H(25) -1160 7452 4499 21 
H(27A) -5669 4863 3982 26 
H(27B) -4216 3948 3833 26 
H(27C) -4765 4950 3172 26 
H(28A) -3342 8301 5198 33 
H(28B) -4956 7788 5285 33 
H(28C) -4559 8672 4554 33 
H(29A) 1061 6701 3935 37 
H(29B) 964 5963 3296 37 
H(29C) 1211 5360 4145 37 
H(30A) -767 -715 2134 36 
H(30B) 127 -1339 2862 36 
H(30C) 594 -1731 2066 36 
H(31A) 3465 766 3192 33 
H(31B) 2949 -444 3518 33 
H(31C) 1704 662 3500 33 
H(32A) 2777 3188 -91 51 
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H(32B) 4366 2460 -324 51 
H(32C) 4062 2729 514 51 
H(33A) 1356 321 -383 39 
H(33B) 2860 768 -842 39 
H(33C) 1306 1621 -745 39 
H(39A) 4707 1803 1686 34 
H(39B) 6200 1346 1196 34 
H(39C) 6110 983 2091 34 
H(40A) 5314 -1689 3154 34 
H(40B) 5881 -472 2975 34 
H(40C) 6840 -1492 2617 34 
H(41A) 2789 -2984 2112 35 
H(41B) 3781 -2812 2780 35 
H(41C) 4643 -3295 2067 35 
H(42A) 2139 -2303 958 35 
H(42B) 2921 -1656 205 35 
H(42C) 1377 -1071 596 35 
 
Table S8.6 Torsion angles [º] for Zr-2(CH3)2.  
C(30)-Zr(1)-Si(1)-N(1) 76.44(15) N(1)-Si(1)-C(34)-C(35) -73.7(2) 
C(31)-Zr(1)-Si(1)-N(1) -95.87(17) C(33)-Si(1)-C(34)-C(35) 166.3(2) 
C(34)-Zr(1)-Si(1)-N(1) 177.07(16) C(32)-Si(1)-C(34)-C(35) 41.9(3) 
C(35)-Zr(1)-Si(1)-N(1) -151.81(14) Zr(1)-Si(1)-C(34)-C(35) -71.8(2) 
C(38)-Zr(1)-Si(1)-N(1) 144.87(14) N(1)-Si(1)-C(34)-C(38) 71.7(2) 
N(2)-Zr(1)-Si(1)-N(1) -11.88(13) C(33)-Si(1)-C(34)-C(38) -48.3(2) 
C(36)-Zr(1)-Si(1)-N(1) -168.04(14) C(32)-Si(1)-C(34)-C(38) -172.8(2) 
C(37)-Zr(1)-Si(1)-N(1) 159.97(14) Zr(1)-Si(1)-C(34)-C(38) 73.54(19) 
C(1)-Zr(1)-Si(1)-N(1) -5.28(14) N(1)-Si(1)-C(34)-Zr(1) -1.88(10) 
N(1)-Zr(1)-Si(1)-C(33) -83.62(18) C(33)-Si(1)-C(34)-Zr(1) -121.89(12) 
C(30)-Zr(1)-Si(1)-C(33) -7.18(15) C(32)-Si(1)-C(34)-Zr(1) 113.68(13) 
C(31)-Zr(1)-Si(1)-C(33) -179.49(16) N(1)-Zr(1)-C(34)-C(35) 126.63(16) 
C(34)-Zr(1)-Si(1)-C(33) 93.45(15) C(30)-Zr(1)-C(34)-C(35) -135.18(15) 
C(35)-Zr(1)-Si(1)-C(33) 124.57(14) C(31)-Zr(1)-C(34)-C(35) -0.75(19) 
C(38)-Zr(1)-Si(1)-C(33) 61.25(14) C(38)-Zr(1)-C(34)-C(35) -112.2(2) 
N(2)-Zr(1)-Si(1)-C(33) -95.50(13) N(2)-Zr(1)-C(34)-C(35) 114.45(15) 
C(36)-Zr(1)-Si(1)-C(33) 108.34(13) C(36)-Zr(1)-C(34)-C(35) -36.66(14) 
C(37)-Zr(1)-Si(1)-C(33) 76.35(14) C(37)-Zr(1)-C(34)-C(35) -76.12(16) 
C(1)-Zr(1)-Si(1)-C(33) -88.91(14) C(1)-Zr(1)-C(34)-C(35) 123.01(15) 
N(1)-Zr(1)-Si(1)-C(32) 84.55(18) Si(1)-Zr(1)-C(34)-C(35) 125.01(18) 
C(30)-Zr(1)-Si(1)-C(32) 160.99(15) N(1)-Zr(1)-C(34)-C(38) -121.19(17) 
C(31)-Zr(1)-Si(1)-C(32) -11.32(17) C(30)-Zr(1)-C(34)-C(38) -23.01(19) 
C(34)-Zr(1)-Si(1)-C(32) -98.38(16) C(31)-Zr(1)-C(34)-C(38) 111.43(16) 
C(35)-Zr(1)-Si(1)-C(32) -67.26(14) C(35)-Zr(1)-C(34)-C(38) 112.2(2) 
C(38)-Zr(1)-Si(1)-C(32) -130.58(14) N(2)-Zr(1)-C(34)-C(38) -133.38(15) 
N(2)-Zr(1)-Si(1)-C(32) 72.67(13) C(36)-Zr(1)-C(34)-C(38) 75.52(16) 
C(36)-Zr(1)-Si(1)-C(32) -83.49(14) C(37)-Zr(1)-C(34)-C(38) 36.05(14) 
C(37)-Zr(1)-Si(1)-C(32) -115.48(14) C(1)-Zr(1)-C(34)-C(38) -124.82(15) 
C(1)-Zr(1)-Si(1)-C(32) 79.27(14) Si(1)-Zr(1)-C(34)-C(38) -122.81(19) 
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N(1)-Zr(1)-Si(1)-C(34) -177.07(16) N(1)-Zr(1)-C(34)-Si(1) 1.62(9) 
C(30)-Zr(1)-Si(1)-C(34) -100.63(13) C(30)-Zr(1)-C(34)-Si(1) 99.81(12) 
C(31)-Zr(1)-Si(1)-C(34) 87.06(14) C(31)-Zr(1)-C(34)-Si(1) -125.76(11) 
C(35)-Zr(1)-Si(1)-C(34) 31.12(11) C(35)-Zr(1)-C(34)-Si(1) -125.01(18) 
C(38)-Zr(1)-Si(1)-C(34) -32.20(11) C(38)-Zr(1)-C(34)-Si(1) 122.81(19) 
N(2)-Zr(1)-Si(1)-C(34) 171.05(11) N(2)-Zr(1)-C(34)-Si(1) -10.56(13) 
C(36)-Zr(1)-Si(1)-C(34) 14.89(11) C(36)-Zr(1)-C(34)-Si(1) -161.67(13) 
C(37)-Zr(1)-Si(1)-C(34) -17.10(11) C(37)-Zr(1)-C(34)-Si(1) 158.86(13) 
C(1)-Zr(1)-Si(1)-C(34) 177.64(11) C(1)-Zr(1)-C(34)-Si(1) -2.01(10) 
C(33)-Si(1)-N(1)-C(1) -73.9(4) C(38)-C(34)-C(35)-C(36) 1.2(3) 
C(32)-Si(1)-N(1)-C(1) 46.9(4) Si(1)-C(34)-C(35)-C(36) 151.19(19) 
C(34)-Si(1)-N(1)-C(1) 166.1(4) Zr(1)-C(34)-C(35)-C(36) 69.60(18) 
Zr(1)-Si(1)-N(1)-C(1) 163.8(4) C(38)-C(34)-C(35)-C(39) -179.4(2) 
C(33)-Si(1)-N(1)-Zr(1) 122.31(13) Si(1)-C(34)-C(35)-C(39) -29.5(4) 
C(32)-Si(1)-N(1)-Zr(1) -116.95(14) Zr(1)-C(34)-C(35)-C(39) -111.1(3) 
C(34)-Si(1)-N(1)-Zr(1) 2.28(12) C(38)-C(34)-C(35)-Zr(1) -68.38(17) 
C(30)-Zr(1)-N(1)-C(1) 73.64(18) Si(1)-C(34)-C(35)-Zr(1) 81.59(18) 
C(31)-Zr(1)-N(1)-C(1) -53.9(2) N(1)-Zr(1)-C(35)-C(36) -162.67(15) 
C(34)-Zr(1)-N(1)-C(1) -172.19(19) C(30)-Zr(1)-C(35)-C(36) -47.4(2) 
C(35)-Zr(1)-N(1)-C(1) -145.85(17) C(31)-Zr(1)-C(35)-C(36) 64.40(15) 
C(38)-Zr(1)-N(1)-C(1) 159.62(18) C(34)-Zr(1)-C(35)-C(36) -115.0(2) 
N(2)-Zr(1)-N(1)-C(1) -4.59(15) C(38)-Zr(1)-C(35)-C(36) -76.18(15) 
C(36)-Zr(1)-N(1)-C(1) -156.49(16) N(2)-Zr(1)-C(35)-C(36) 154.84(13) 
C(37)-Zr(1)-N(1)-C(1) 166.91(15) C(37)-Zr(1)-C(35)-C(36) -36.22(14) 
Si(1)-Zr(1)-N(1)-C(1) -170.3(3) C(1)-Zr(1)-C(35)-C(36) -178.92(14) 
C(30)-Zr(1)-N(1)-Si(1) -116.05(13) Si(1)-Zr(1)-C(35)-C(36) -148.71(16) 
C(31)-Zr(1)-N(1)-Si(1) 116.45(13) N(1)-Zr(1)-C(35)-C(34) -47.67(15) 
C(34)-Zr(1)-N(1)-Si(1) -1.89(10) C(30)-Zr(1)-C(35)-C(34) 67.6(2) 
C(35)-Zr(1)-N(1)-Si(1) 24.45(12) C(31)-Zr(1)-C(35)-C(34) 179.39(15) 
C(38)-Zr(1)-N(1)-Si(1) -30.08(12) C(38)-Zr(1)-C(35)-C(34) 38.82(14) 
N(2)-Zr(1)-N(1)-Si(1) 165.71(16) N(2)-Zr(1)-C(35)-C(34) -90.16(16) 
C(36)-Zr(1)-N(1)-Si(1) 13.81(16) C(36)-Zr(1)-C(35)-C(34) 115.0(2) 
C(37)-Zr(1)-N(1)-Si(1) -22.79(15) C(37)-Zr(1)-C(35)-C(34) 78.78(16) 
C(1)-Zr(1)-N(1)-Si(1) 170.3(3) C(1)-Zr(1)-C(35)-C(34) -63.92(16) 
Si(1)-N(1)-C(1)-N(2) -156.6(3) Si(1)-Zr(1)-C(35)-C(34) -33.71(13) 
Zr(1)-N(1)-C(1)-N(2) 7.6(2) N(1)-Zr(1)-C(35)-C(39) 75.9(2) 
Si(1)-N(1)-C(1)-C(5) 24.0(5) C(30)-Zr(1)-C(35)-C(39) -168.93(19) 
Zr(1)-N(1)-C(1)-C(5) -171.9(2) C(31)-Zr(1)-C(35)-C(39) -57.1(2) 
Si(1)-N(1)-C(1)-Zr(1) -164.2(4) C(34)-Zr(1)-C(35)-C(39) 123.5(3) 
C(30)-Zr(1)-C(1)-N(1) -112.42(18) C(38)-Zr(1)-C(35)-C(39) 162.3(2) 
C(31)-Zr(1)-C(1)-N(1) 139.77(18) N(2)-Zr(1)-C(35)-C(39) 33.4(2) 
C(34)-Zr(1)-C(1)-N(1) 7.21(18) C(36)-Zr(1)-C(35)-C(39) -121.5(3) 
C(35)-Zr(1)-C(1)-N(1) 37.08(19) C(37)-Zr(1)-C(35)-C(39) -157.7(2) 
C(38)-Zr(1)-C(1)-N(1) -22.07(19) C(1)-Zr(1)-C(35)-C(39) 59.6(2) 
N(2)-Zr(1)-C(1)-N(1) 172.0(3) Si(1)-Zr(1)-C(35)-C(39) 89.8(2) 
C(36)-Zr(1)-C(1)-N(1) 36.1(2) C(34)-C(35)-C(36)-C(37) -1.5(3) 
C(37)-Zr(1)-C(1)-N(1) -20.1(2) C(39)-C(35)-C(36)-C(37) 179.2(2) 
Si(1)-Zr(1)-C(1)-N(1) 5.81(15) Zr(1)-C(35)-C(36)-C(37) 65.06(18) 
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N(1)-Zr(1)-C(1)-N(2) -172.0(3) C(34)-C(35)-C(36)-C(40) 171.9(2) 
C(30)-Zr(1)-C(1)-N(2) 75.53(15) C(39)-C(35)-C(36)-C(40) -7.4(4) 
C(31)-Zr(1)-C(1)-N(2) -32.28(16) Zr(1)-C(35)-C(36)-C(40) -121.5(3) 
C(34)-Zr(1)-C(1)-N(2) -164.84(14) C(34)-C(35)-C(36)-Zr(1) -66.54(18) 
C(35)-Zr(1)-C(1)-N(2) -134.96(14) C(39)-C(35)-C(36)-Zr(1) 114.1(2) 
C(38)-Zr(1)-C(1)-N(2) 165.88(13) N(1)-Zr(1)-C(36)-C(37) -95.78(16) 
C(36)-Zr(1)-C(1)-N(2) -135.96(15) C(30)-Zr(1)-C(36)-C(37) 31.87(18) 
C(37)-Zr(1)-C(1)-N(2) 167.82(14) C(31)-Zr(1)-C(36)-C(37) 131.01(16) 
Si(1)-Zr(1)-C(1)-N(2) -166.24(16) C(34)-Zr(1)-C(36)-C(37) -78.02(16) 
N(1)-Zr(1)-C(1)-C(5) 54.3(13) C(35)-Zr(1)-C(36)-C(37) -115.8(2) 
C(30)-Zr(1)-C(1)-C(5) -58.1(14) C(38)-Zr(1)-C(36)-C(37) -36.47(14) 
C(31)-Zr(1)-C(1)-C(5) -166.0(14) N(2)-Zr(1)-C(36)-C(37) -169.04(17) 
C(34)-Zr(1)-C(1)-C(5) 61.5(14) C(1)-Zr(1)-C(36)-C(37) -114.13(17) 
C(35)-Zr(1)-C(1)-C(5) 91.4(14) Si(1)-Zr(1)-C(36)-C(37) -88.78(15) 
C(38)-Zr(1)-C(1)-C(5) 32.2(14) N(1)-Zr(1)-C(36)-C(35) 20.07(17) 
N(2)-Zr(1)-C(1)-C(5) -133.7(14) C(30)-Zr(1)-C(36)-C(35) 147.71(15) 
C(36)-Zr(1)-C(1)-C(5) 90.4(14) C(31)-Zr(1)-C(36)-C(35) -113.15(16) 
C(37)-Zr(1)-C(1)-C(5) 34.1(14) C(34)-Zr(1)-C(36)-C(35) 37.82(14) 
Si(1)-Zr(1)-C(1)-C(5) 60.1(14) C(38)-Zr(1)-C(36)-C(35) 79.38(16) 
N(1)-C(1)-N(2)-C(2) 177.2(2) N(2)-Zr(1)-C(36)-C(35) -53.2(3) 
C(5)-C(1)-N(2)-C(2) -3.3(4) C(37)-Zr(1)-C(36)-C(35) 115.8(2) 
Zr(1)-C(1)-N(2)-C(2) -176.6(2) C(1)-Zr(1)-C(36)-C(35) 1.7(2) 
N(1)-C(1)-N(2)-Zr(1) -6.2(2) Si(1)-Zr(1)-C(36)-C(35) 27.06(14) 
C(5)-C(1)-N(2)-Zr(1) 173.2(2) N(1)-Zr(1)-C(36)-C(40) 142.25(19) 
N(1)-Zr(1)-N(2)-C(2) 177.7(4) C(30)-Zr(1)-C(36)-C(40) -90.1(2) 
C(30)-Zr(1)-N(2)-C(2) 66.7(4) C(31)-Zr(1)-C(36)-C(40) 9.0(2) 
C(31)-Zr(1)-N(2)-C(2) -36.0(4) C(34)-Zr(1)-C(36)-C(40) 160.0(2) 
C(34)-Zr(1)-N(2)-C(2) -168.8(3) C(35)-Zr(1)-C(36)-C(40) 122.2(3) 
C(35)-Zr(1)-N(2)-C(2) -128.0(3) C(38)-Zr(1)-C(36)-C(40) -158.4(2) 
C(38)-Zr(1)-N(2)-C(2) 152.8(3) N(2)-Zr(1)-C(36)-C(40) 69.0(3) 
C(36)-Zr(1)-N(2)-C(2) -94.0(4) C(37)-Zr(1)-C(36)-C(40) -122.0(3) 
C(37)-Zr(1)-N(2)-C(2) 124.3(5) C(1)-Zr(1)-C(36)-C(40) 123.9(2) 
C(1)-Zr(1)-N(2)-C(2) 173.3(4) Si(1)-Zr(1)-C(36)-C(40) 149.2(2) 
Si(1)-Zr(1)-N(2)-C(2) -175.0(4) C(35)-C(36)-C(37)-C(38) 1.2(3) 
N(1)-Zr(1)-N(2)-C(1) 4.42(14) C(40)-C(36)-C(37)-C(38) -172.5(2) 
C(30)-Zr(1)-N(2)-C(1) -106.57(15) Zr(1)-C(36)-C(37)-C(38) 63.55(18) 
C(31)-Zr(1)-N(2)-C(1) 150.74(15) C(35)-C(36)-C(37)-C(41) 177.6(2) 
C(34)-Zr(1)-N(2)-C(1) 17.94(17) C(40)-C(36)-C(37)-C(41) 4.0(4) 
C(35)-Zr(1)-N(2)-C(1) 58.70(17) Zr(1)-C(36)-C(37)-C(41) -120.0(2) 
C(38)-Zr(1)-N(2)-C(1) -20.49(19) C(35)-C(36)-C(37)-Zr(1) -62.39(17) 
C(36)-Zr(1)-N(2)-C(1) 92.7(2) C(40)-C(36)-C(37)-Zr(1) 124.0(3) 
C(37)-Zr(1)-N(2)-C(1) -49.0(5) N(1)-Zr(1)-C(37)-C(38) -13.77(17) 
Si(1)-Zr(1)-N(2)-C(1) 11.68(13) C(30)-Zr(1)-C(37)-C(38) 93.26(16) 
C(1)-N(2)-C(2)-C(3) 4.2(3) C(31)-Zr(1)-C(37)-C(38) -164.75(15) 
Zr(1)-N(2)-C(2)-C(3) -168.1(3) C(34)-Zr(1)-C(37)-C(38) -37.53(14) 
C(1)-N(2)-C(2)-C(6) -173.4(2) C(35)-Zr(1)-C(37)-C(38) -79.21(16) 
Zr(1)-N(2)-C(2)-C(6) 14.2(5) N(2)-Zr(1)-C(37)-C(38) 35.3(5) 
N(2)-C(2)-C(3)-C(4) -2.5(4) C(36)-Zr(1)-C(37)-C(38) -116.1(2) 
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C(6)-C(2)-C(3)-C(4) 175.1(2) C(1)-Zr(1)-C(37)-C(38) -3.4(2) 
C(2)-C(3)-C(4)-C(5) -0.2(4) Si(1)-Zr(1)-C(37)-C(38) -25.17(14) 
C(3)-C(4)-C(5)-C(1) 1.0(4) N(1)-Zr(1)-C(37)-C(36) 102.33(16) 
N(1)-C(1)-C(5)-C(4) -179.9(2) C(30)-Zr(1)-C(37)-C(36) -150.65(17) 
N(2)-C(1)-C(5)-C(4) 0.7(4) C(31)-Zr(1)-C(37)-C(36) -48.65(16) 
Zr(1)-C(1)-C(5)-C(4) 131.1(13) C(34)-Zr(1)-C(37)-C(36) 78.57(16) 
N(2)-C(2)-C(6)-C(11) -56.1(3) C(35)-Zr(1)-C(37)-C(36) 36.89(15) 
C(3)-C(2)-C(6)-C(11) 126.2(3) C(38)-Zr(1)-C(37)-C(36) 116.1(2) 
N(2)-C(2)-C(6)-C(7) 125.6(2) N(2)-Zr(1)-C(37)-C(36) 151.4(4) 
C(3)-C(2)-C(6)-C(7) -52.1(3) C(1)-Zr(1)-C(37)-C(36) 112.73(17) 
C(11)-C(6)-C(7)-C(8) 0.3(4) Si(1)-Zr(1)-C(37)-C(36) 90.93(15) 
C(2)-C(6)-C(7)-C(8) 178.6(2) N(1)-Zr(1)-C(37)-C(41) -136.0(2) 
C(11)-C(6)-C(7)-B(1) 172.7(2) C(30)-Zr(1)-C(37)-C(41) -29.0(2) 
C(2)-C(6)-C(7)-B(1) -9.1(4) C(31)-Zr(1)-C(37)-C(41) 73.0(2) 
C(12)-B(1)-C(7)-C(8) 138.0(3) C(34)-Zr(1)-C(37)-C(41) -159.8(3) 
C(21)-B(1)-C(7)-C(8) -36.7(3) C(35)-Zr(1)-C(37)-C(41) 158.5(3) 
C(12)-B(1)-C(7)-C(6) -34.3(4) C(38)-Zr(1)-C(37)-C(41) -122.3(3) 
C(21)-B(1)-C(7)-C(6) 151.0(2) N(2)-Zr(1)-C(37)-C(41) -86.9(5) 
C(6)-C(7)-C(8)-C(9) 1.5(4) C(36)-Zr(1)-C(37)-C(41) 121.6(3) 
B(1)-C(7)-C(8)-C(9) -171.6(2) C(1)-Zr(1)-C(37)-C(41) -125.6(2) 
C(7)-C(8)-C(9)-C(10) -2.5(4) Si(1)-Zr(1)-C(37)-C(41) -147.4(2) 
C(8)-C(9)-C(10)-C(11) 1.5(4) C(36)-C(37)-C(38)-C(34) -0.4(3) 
C(9)-C(10)-C(11)-C(6) 0.3(4) C(41)-C(37)-C(38)-C(34) -176.8(2) 
C(7)-C(6)-C(11)-C(10) -1.3(4) Zr(1)-C(37)-C(38)-C(34) 64.91(17) 
C(2)-C(6)-C(11)-C(10) -179.6(2) C(36)-C(37)-C(38)-C(42) 179.2(2) 
C(21)-B(1)-C(12)-C(17) -55.1(3) C(41)-C(37)-C(38)-C(42) 2.8(4) 
C(7)-B(1)-C(12)-C(17) 130.4(3) Zr(1)-C(37)-C(38)-C(42) -115.5(3) 
C(21)-B(1)-C(12)-C(13) 122.1(3) C(36)-C(37)-C(38)-Zr(1) -65.32(18) 
C(7)-B(1)-C(12)-C(13) -52.5(3) C(41)-C(37)-C(38)-Zr(1) 118.3(3) 
C(17)-C(12)-C(13)-C(14) -0.7(3) C(35)-C(34)-C(38)-C(37) -0.5(3) 
B(1)-C(12)-C(13)-C(14) -178.0(2) Si(1)-C(34)-C(38)-C(37) -151.19(19) 
C(17)-C(12)-C(13)-C(18) 175.5(2) Zr(1)-C(34)-C(38)-C(37) -68.04(18) 
B(1)-C(12)-C(13)-C(18) -1.7(3) C(35)-C(34)-C(38)-C(42) 179.9(2) 
C(12)-C(13)-C(14)-C(15) -1.0(4) Si(1)-C(34)-C(38)-C(42) 29.2(4) 
C(18)-C(13)-C(14)-C(15) -177.3(2) Zr(1)-C(34)-C(38)-C(42) 112.4(2) 
C(13)-C(14)-C(15)-C(16) 0.9(4) C(35)-C(34)-C(38)-Zr(1) 67.54(17) 
C(13)-C(14)-C(15)-C(19) 179.4(2) Si(1)-C(34)-C(38)-Zr(1) -83.15(17) 
C(14)-C(15)-C(16)-C(17) 1.0(4) N(1)-Zr(1)-C(38)-C(37) 167.83(15) 
C(19)-C(15)-C(16)-C(17) -177.6(2) C(30)-Zr(1)-C(38)-C(37) -84.42(15) 
C(15)-C(16)-C(17)-C(12) -2.7(4) C(31)-Zr(1)-C(38)-C(37) 19.98(19) 
C(15)-C(16)-C(17)-C(20) 177.6(2) C(34)-Zr(1)-C(38)-C(37) 115.7(2) 
C(13)-C(12)-C(17)-C(16) 2.5(3) C(35)-Zr(1)-C(38)-C(37) 76.76(16) 
B(1)-C(12)-C(17)-C(16) 179.7(2) N(2)-Zr(1)-C(38)-C(37) -171.61(13) 
C(13)-C(12)-C(17)-C(20) -177.8(2) C(36)-Zr(1)-C(38)-C(37) 36.25(14) 
B(1)-C(12)-C(17)-C(20) -0.6(4) C(1)-Zr(1)-C(38)-C(37) 177.89(13) 
C(12)-B(1)-C(21)-C(26) -48.0(4) Si(1)-Zr(1)-C(38)-C(37) 150.72(16) 
C(7)-B(1)-C(21)-C(26) 126.7(3) N(1)-Zr(1)-C(38)-C(34) 52.13(16) 
C(12)-B(1)-C(21)-C(22) 132.9(3) C(30)-Zr(1)-C(38)-C(34) 159.88(17) 
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C(7)-B(1)-C(21)-C(22) -52.4(3) C(31)-Zr(1)-C(38)-C(34) -95.72(18) 
C(26)-C(21)-C(22)-C(23) -0.2(4) C(35)-Zr(1)-C(38)-C(34) -38.94(15) 
B(1)-C(21)-C(22)-C(23) 179.0(2) N(2)-Zr(1)-C(38)-C(34) 72.69(18) 
C(26)-C(21)-C(22)-C(27) 175.2(2) C(36)-Zr(1)-C(38)-C(34) -79.45(16) 
B(1)-C(21)-C(22)-C(27) -5.6(4) C(37)-Zr(1)-C(38)-C(34) -115.7(2) 
C(21)-C(22)-C(23)-C(24) -0.5(4) C(1)-Zr(1)-C(38)-C(34) 62.19(16) 
C(27)-C(22)-C(23)-C(24) -176.2(2) Si(1)-Zr(1)-C(38)-C(34) 35.02(13) 
C(22)-C(23)-C(24)-C(25) 0.4(4) N(1)-Zr(1)-C(38)-C(42) -69.4(2) 
C(22)-C(23)-C(24)-C(28) 178.8(2) C(30)-Zr(1)-C(38)-C(42) 38.3(2) 
C(23)-C(24)-C(25)-C(26) 0.4(4) C(31)-Zr(1)-C(38)-C(42) 142.73(19) 
C(28)-C(24)-C(25)-C(26) -178.0(2) C(34)-Zr(1)-C(38)-C(42) -121.5(3) 
C(24)-C(25)-C(26)-C(21) -1.1(4) C(35)-Zr(1)-C(38)-C(42) -160.5(2) 
C(24)-C(25)-C(26)-C(29) -179.2(3) N(2)-Zr(1)-C(38)-C(42) -48.9(2) 
C(22)-C(21)-C(26)-C(25) 1.0(4) C(36)-Zr(1)-C(38)-C(42) 159.0(2) 
B(1)-C(21)-C(26)-C(25) -178.2(2) C(37)-Zr(1)-C(38)-C(42) 122.8(3) 
C(22)-C(21)-C(26)-C(29) 178.9(2) C(1)-Zr(1)-C(38)-C(42) -59.4(2) 
B(1)-C(21)-C(26)-C(29) -0.2(4) Si(1)-Zr(1)-C(38)-C(42) -86.53(19) 
 
 
Figure S105. Single-crystal X-ray analysis data of compound Zr-2(Bn)2. 
 
Table S9.1 Crystal data and structure refinement for Zr-2(Bn)2. 
Empirical formula C54H61BN2SiZr 
Formula weight 868.17 
Temperature 100(2) K 
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Wavelength 0.71073 Å 
Crystal system, space group Monoclinic,  P21/c 
Unit cell dimensions a = 27.914(2) Å α = 90º 
 b = 16.0147(9) Å β = 95.322(4)º 
 c = 10.2151(7) Å γ = 90º 
Volume 4546.8(5) Å3 
Z, Calculated density 4,  1.268 mg/m3 
Absorption coefficient 0.307 mm-1 
F(000) 1832 
Crystal size 0.15 x 0.15 x 0.08 mm 
Theta range for data collection 1.47 to 25.06º 
Limiting indices -31<=h<=33, -17<=k<=19, -12<=l<=11 
Reflections collected / unique 29530 / 8047 [R(int) = 0.1167] 
Completeness to theta = 25.06 99.70% 
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.7452 and 0.6702 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 8047 / 36 / 544 
Goodness-of-fit on F2 1.061 
Final R indices [I>2(I)] R1 = 0.0651, wR2 = 0.1143 
R indices (all data) R1 = 0.2007, wR2 = 0.1337 
Largest diff. peak and hole 0.901 and -0.892 e.Å-3 
 
Table S9.2 Atomic coordinates (×104) and equivalent isotropic displacement 
parameters (Å2×103) for Zr-2(Bn)2. U(eq) is defined as one third of the trace of the 
orthogonalized Uij tensor. 
 x y z U(eq) 
Zr(1) 1541(1) 4517(1) 760(1) 36(1) 
Si(1) 2139(1) 4165(1) 3380(2) 65(1) 
B(1) 3730(3) 5749(4) -1719(7) 41(2) 
N(1) 2169(2) 4766(3) 1973(4) 45(2) 
N(2) 2514(2) 5560(3) 397(4) 28(1) 
C(1) 2540(3) 5278(3) 1654(5) 36(2) 
C(2) 2880(2) 6031(3) 19(5) 28(2) 
C(3) 3266(3) 6253(3) 869(6) 47(2) 
C(4) 3300(3) 5968(4) 2164(7) 65(2) 
C(5) 2932(3) 5485(5) 2551(6) 65(2) 
C(6) 2851(2) 6307(3) -1373(5) 28(2) 
C(7) 3240(2) 6224(3) -2144(5) 34(2) 
C(8) 3171(2) 6509(3) -3440(6) 44(2) 
C(9) 2748(2) 6865(3) -3976(6) 42(2) 
C(10) 2375(2) 6958(3) -3193(6) 36(2) 
C(11) 2429(2) 6690(3) -1900(5) 30(2) 
C(12) 4186(3) 6095(4) -2321(7) 56(2) 
C(13) 4441(3) 5636(6) -3141(9) 91(3) 
C(14) 4818(3) 6000(8) -3777(9) 123(4) 
C(15) 4950(4) 6786(7) -3581(10) 109(4) 
C(16) 4733(3) 7272(5) -2724(8) 81(3) 
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C(17) 4340(3) 6933(5) -2100(8) 70(2) 
C(18) 4313(4) 4725(6) -3397(10) 149(5) 
C(19) 5348(4) 7225(6) -4313(9) 138(4) 
C(20) 4109(3) 7489(4) -1146(9) 90(3) 
C(21) 3738(2) 4923(3) -904(6) 40(2) 
C(22) 4084(2) 4782(3) 186(6) 42(2) 
C(23) 4080(2) 4055(4) 925(6) 40(2) 
C(24) 3745(3) 3442(3) 629(6) 40(2) 
C(25) 3410(2) 3549(3) -456(6) 38(2) 
C(26) 3399(2) 4276(3) -1215(5) 33(2) 
C(27) 4452(2) 5445(4) 646(7) 64(2) 
C(28) 3728(3) 2650(3) 1441(6) 55(2) 
C(29) 3024(2) 4330(3) -2378(5) 37(2) 
C(30) 2656(3) 3430(5) 3694(7) 100(3) 
C(31) 2110(3) 4800(4) 4906(5) 66(2) 
C(32) 1564(3) 3660(4) 2732(5) 45(2) 
C(33) 1518(3) 3081(3) 1648(6) 50(2) 
C(34) 1068(3) 3136(3) 1009(6) 53(2) 
C(35) 814(3) 3777(3) 1626(6) 51(2) 
C(36) 1112(3) 4075(3) 2704(6) 42(2) 
C(37) 1920(3) 2492(4) 1296(7) 106(4) 
C(38) 842(3) 2545(3) -34(6) 98(4) 
C(39) 311(3) 4020(4) 1252(6) 67(3) 
C(40) 952(2) 4670(3) 3743(5) 36(2) 
C(41) 1177(2) 5791(3) 592(5) 29(2) 
C(42) 1045(2) 6282(3) 1745(5) 25(2) 
C(43) 1396(2) 6598(3) 2673(5) 26(2) 
C(44) 1275(2) 7036(3) 3770(5) 34(2) 
C(45) 799(3) 7179(3) 3965(5) 35(2) 
C(46) 447(2) 6880(3) 3062(5) 33(2) 
C(47) 565(2) 6443(3) 1965(5) 29(2) 
C(48) 1729(3) 3907(3) -1123(5) 51(2) 
C(49) 1385(2) 4444(3) -1907(5) 33(2) 
C(50) 1519(3) 5261(3) -2241(5) 38(2) 
C(51) 1196(3) 5799(4) -2877(5) 39(2) 
C(52) 723(3) 5561(4) -3191(5) 47(2) 
C(53) 577(3) 4768(4) -2873(6) 57(2) 
C(54) 898(3) 4239(4) -2226(6) 46(2) 
 
Table S9.3 Bond lengths [Å] and angles [º] for Zr-2(Bn)2.  
Zr(1)-N(1) 2.089(6) C(25)-H(25) 0.95 
Zr(1)-C(48) 2.262(5) C(26)-C(29) 1.512(8) 
Zr(1)-C(41) 2.279(5) C(27)-H(27A) 0.98 
Zr(1)-C(32) 2.433(5) C(27)-H(27B) 0.98 
Zr(1)-C(33) 2.474(5) C(27)-H(27C) 0.98 
Zr(1)-C(36) 2.514(5) C(28)-H(28A) 0.98 
Zr(1)-C(35) 2.577(7) C(28)-H(28B) 0.98 
Zr(1)-C(34) 2.600(6) C(28)-H(28C) 0.98 
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Zr(1)-C(49) 2.722(5) C(29)-H(29A) 0.98 
Zr(1)-Si(1) 3.071(2) C(29)-H(29B) 0.98 
Si(1)-N(1) 1.738(4) C(29)-H(29C) 0.98 
Si(1)-C(32) 1.862(7) C(30)-H(30A) 0.98 
Si(1)-C(30) 1.867(7) C(30)-H(30B) 0.98 
Si(1)-C(31) 1.869(6) C(30)-H(30C) 0.98 
B(1)-C(21) 1.562(8) C(31)-H(31A) 0.98 
B(1)-C(12) 1.565(9) C(31)-H(31B) 0.98 
B(1)-C(7) 1.588(9) C(31)-H(31C) 0.98 
N(1)-C(1) 1.384(7) C(32)-C(36) 1.425(8) 
N(2)-C(2) 1.355(7) C(32)-C(33) 1.441(8) 
N(2)-C(1) 1.357(6) C(33)-C(34) 1.365(9) 
C(1)-C(5) 1.401(9) C(33)-C(37) 1.533(9) 
C(2)-C(3) 1.367(8) C(34)-C(35) 1.426(8) 
C(2)-C(6) 1.484(7) C(34)-C(38) 1.519(9) 
C(3)-C(4) 1.395(8) C(35)-C(36) 1.401(9) 
C(3)-H(3) 0.95 C(35)-C(39) 1.472(9) 
C(4)-C(5) 1.370(9) C(36)-C(40) 1.524(7) 
C(4)-H(4) 0.95 C(37)-H(37A) 0.98 
C(5)-H(5) 0.95 C(37)-H(37B) 0.98 
C(6)-C(11) 1.392(8) C(37)-H(37C) 0.98 
C(6)-C(7) 1.407(7) C(38)-H(38A) 0.98 
C(7)-C(8) 1.397(7) C(38)-H(38B) 0.98 
C(8)-C(9) 1.379(8) C(38)-H(38C) 0.98 
C(8)-H(8) 0.95 C(39)-H(39A) 0.98 
C(9)-C(10) 1.378(7) C(39)-H(39B) 0.98 
C(9)-H(9) 0.95 C(39)-H(39C) 0.98 
C(10)-C(11) 1.384(7) C(40)-H(40A) 0.98 
C(10)-H(10) 0.95 C(40)-H(40B) 0.98 
C(11)-H(11) 0.95 C(40)-H(40C) 0.98 
C(12)-C(13) 1.365(10) C(41)-C(42) 1.490(6) 
C(12)-C(17) 1.421(10) C(41)-H(41A) 0.99 
C(13)-C(14) 1.411(10) C(41)-H(41B) 0.99 
C(13)-C(18) 1.518(11) C(42)-C(43) 1.394(7) 
C(14)-C(15) 1.321(12) C(42)-C(47) 1.403(7) 
C(14)-H(14) 0.95 C(43)-C(44) 1.391(6) 
C(15)-C(16) 1.356(12) C(43)-H(43) 0.95 
C(15)-C(19) 1.563(11) C(44)-C(45) 1.380(8) 
C(16)-C(17) 1.426(9) C(44)-H(44) 0.95 
C(16)-H(16) 0.95 C(45)-C(46) 1.370(8) 
C(17)-C(20) 1.508(10) C(45)-H(45) 0.95 
C(18)-H(18A) 0.98 C(46)-C(47) 1.387(6) 
C(18)-H(18B) 0.98 C(46)-H(46) 0.95 
C(18)-H(18C) 0.98 C(47)-H(47) 0.95 
C(19)-H(19A) 0.98 C(48)-C(49) 1.471(8) 
C(19)-H(19B) 0.98 C(48)-H(48A) 0.99 
C(19)-H(19C) 0.98 C(48)-H(48B) 0.99 
C(20)-H(20A) 0.98 C(49)-C(54) 1.406(8) 
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C(20)-H(20B) 0.98 C(49)-C(50) 1.413(7) 
C(20)-H(20C) 0.98 C(50)-C(51) 1.367(8) 
C(21)-C(26) 1.419(8) C(50)-H(50) 0.95 
C(21)-C(22) 1.423(8) C(51)-C(52) 1.384(8) 
C(22)-C(23) 1.389(7) C(51)-H(51) 0.95 
C(22)-C(27) 1.520(8) C(52)-C(53) 1.382(8) 
C(23)-C(24) 1.370(8) C(52)-H(52) 0.95 
C(23)-H(23) 0.95 C(53)-C(54) 1.360(9) 
C(24)-C(25) 1.392(8) C(53)-H(53) 0.95 
C(24)-C(28) 1.519(7) C(54)-H(54) 0.95 
C(25)-C(26) 1.397(7)   
    
N(1)-Zr(1)-C(48) 109.8(2) C(25)-C(24)-C(28) 119.0(6) 
N(1)-Zr(1)-C(41) 102.59(19) C(24)-C(25)-C(26) 121.5(6) 
C(48)-Zr(1)-C(41) 117.38(19) C(24)-C(25)-H(25) 119.3 
N(1)-Zr(1)-C(32) 70.1(2) C(26)-C(25)-H(25) 119.3 
C(48)-Zr(1)-C(32) 118.0(2) C(25)-C(26)-C(21) 120.3(6) 
C(41)-Zr(1)-C(32) 123.00(18) C(25)-C(26)-C(29) 117.5(6) 
N(1)-Zr(1)-C(33) 90.5(2) C(21)-C(26)-C(29) 122.2(5) 
C(48)-Zr(1)-C(33) 85.78(19) C(22)-C(27)-H(27A) 109.5 
C(41)-Zr(1)-C(33) 146.40(19) C(22)-C(27)-H(27B) 109.5 
C(32)-Zr(1)-C(33) 34.13(19) H(27A)-C(27)-H(27B) 109.5 
N(1)-Zr(1)-C(36) 91.2(2) C(22)-C(27)-H(27C) 109.5 
C(48)-Zr(1)-C(36) 135.66(19) H(27A)-C(27)-H(27C) 109.5 
C(41)-Zr(1)-C(36) 93.99(17) H(27B)-C(27)-H(27C) 109.5 
C(32)-Zr(1)-C(36) 33.43(19) C(24)-C(28)-H(28A) 109.5 
C(33)-Zr(1)-C(36) 54.45(17) C(24)-C(28)-H(28B) 109.5 
N(1)-Zr(1)-C(35) 121.9(2) H(28A)-C(28)-H(28B) 109.5 
C(48)-Zr(1)-C(35) 110.2(2) C(24)-C(28)-H(28C) 109.5 
C(41)-Zr(1)-C(35) 94.4(2) H(28A)-C(28)-H(28C) 109.5 
C(32)-Zr(1)-C(35) 54.4(2) H(28B)-C(28)-H(28C) 109.5 
C(33)-Zr(1)-C(35) 53.1(2) C(26)-C(29)-H(29A) 109.5 
C(36)-Zr(1)-C(35) 31.9(2) C(26)-C(29)-H(29B) 109.5 
N(1)-Zr(1)-C(34) 120.7(2) H(29A)-C(29)-H(29B) 109.5 
C(48)-Zr(1)-C(34) 82.90(18) C(26)-C(29)-H(29C) 109.5 
C(41)-Zr(1)-C(34) 122.8(2) H(29A)-C(29)-H(29C) 109.5 
C(32)-Zr(1)-C(34) 54.1(2) H(29B)-C(29)-H(29C) 109.5 
C(33)-Zr(1)-C(34) 31.1(2) Si(1)-C(30)-H(30A) 109.5 
C(36)-Zr(1)-C(34) 53.10(19) Si(1)-C(30)-H(30B) 109.5 
C(35)-Zr(1)-C(34) 31.98(18) H(30A)-C(30)-H(30B) 109.5 
N(1)-Zr(1)-C(49) 130.51(18) Si(1)-C(30)-H(30C) 109.5 
C(48)-Zr(1)-C(49) 32.71(19) H(30A)-C(30)-H(30C) 109.5 
C(41)-Zr(1)-C(49) 86.23(17) H(30B)-C(30)-H(30C) 109.5 
C(32)-Zr(1)-C(49) 142.56(19) Si(1)-C(31)-H(31A) 109.5 
C(33)-Zr(1)-C(49) 108.65(19) Si(1)-C(31)-H(31B) 109.5 
C(36)-Zr(1)-C(49) 137.3(2) H(31A)-C(31)-H(31B) 109.5 
C(35)-Zr(1)-C(49) 105.4(2) Si(1)-C(31)-H(31C) 109.5 
C(34)-Zr(1)-C(49) 91.47(19) H(31A)-C(31)-H(31C) 109.5 
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N(1)-Zr(1)-Si(1) 32.88(12) H(31B)-C(31)-H(31C) 109.5 
C(48)-Zr(1)-Si(1) 120.76(19) C(36)-C(32)-C(33) 105.6(6) 
C(41)-Zr(1)-Si(1) 115.60(14) C(36)-C(32)-Si(1) 122.5(5) 
C(32)-Zr(1)-Si(1) 37.32(17) C(33)-C(32)-Si(1) 124.4(5) 
C(33)-Zr(1)-Si(1) 62.7(2) C(36)-C(32)-Zr(1) 76.4(3) 
C(36)-Zr(1)-Si(1) 61.35(19) C(33)-C(32)-Zr(1) 74.5(3) 
C(35)-Zr(1)-Si(1) 89.9(2) Si(1)-C(32)-Zr(1) 90.3(2) 
C(34)-Zr(1)-Si(1) 89.93(19) C(34)-C(33)-C(32) 109.8(6) 
C(49)-Zr(1)-Si(1) 152.63(14) C(34)-C(33)-C(37) 126.1(7) 
N(1)-Si(1)-C(32) 93.0(3) C(32)-C(33)-C(37) 124.2(8) 
N(1)-Si(1)-C(30) 113.3(3) C(34)-C(33)-Zr(1) 79.5(4) 
C(32)-Si(1)-C(30) 114.4(4) C(32)-C(33)-Zr(1) 71.4(3) 
N(1)-Si(1)-C(31) 113.5(3) C(37)-C(33)-Zr(1) 116.2(4) 
C(32)-Si(1)-C(31) 115.5(3) C(33)-C(34)-C(35) 108.0(7) 
C(30)-Si(1)-C(31) 107.0(3) C(33)-C(34)-C(38) 126.9(7) 
N(1)-Si(1)-Zr(1) 40.7(2) C(35)-C(34)-C(38) 124.5(8) 
C(32)-Si(1)-Zr(1) 52.40(16) C(33)-C(34)-Zr(1) 69.4(4) 
C(30)-Si(1)-Zr(1) 127.9(2) C(35)-C(34)-Zr(1) 73.1(3) 
C(31)-Si(1)-Zr(1) 124.4(2) C(38)-C(34)-Zr(1) 130.0(4) 
C(21)-B(1)-C(12) 122.5(6) C(36)-C(35)-C(34) 108.0(8) 
C(21)-B(1)-C(7) 121.4(5) C(36)-C(35)-C(39) 126.6(5) 
C(12)-B(1)-C(7) 115.7(5) C(34)-C(35)-C(39) 125.2(7) 
C(1)-N(1)-Si(1) 128.1(5) C(36)-C(35)-Zr(1) 71.6(4) 
C(1)-N(1)-Zr(1) 125.4(4) C(34)-C(35)-Zr(1) 74.9(4) 
Si(1)-N(1)-Zr(1) 106.4(3) C(39)-C(35)-Zr(1) 123.5(4) 
C(2)-N(2)-C(1) 118.6(5) C(35)-C(36)-C(32) 108.5(6) 
N(2)-C(1)-N(1) 116.3(6) C(35)-C(36)-C(40) 124.8(6) 
N(2)-C(1)-C(5) 120.7(6) C(32)-C(36)-C(40) 126.4(7) 
N(1)-C(1)-C(5) 122.9(6) C(35)-C(36)-Zr(1) 76.5(3) 
N(2)-C(2)-C(3) 122.3(5) C(32)-C(36)-Zr(1) 70.2(3) 
N(2)-C(2)-C(6) 117.6(5) C(40)-C(36)-Zr(1) 124.4(3) 
C(3)-C(2)-C(6) 120.1(6) C(33)-C(37)-H(37A) 109.5 
C(2)-C(3)-C(4) 119.8(6) C(33)-C(37)-H(37B) 109.5 
C(2)-C(3)-H(3) 120.1 H(37A)-C(37)-H(37B) 109.5 
C(4)-C(3)-H(3) 120.1 C(33)-C(37)-H(37C) 109.5 
C(5)-C(4)-C(3) 118.2(7) H(37A)-C(37)-H(37C) 109.5 
C(5)-C(4)-H(4) 120.9 H(37B)-C(37)-H(37C) 109.5 
C(3)-C(4)-H(4) 120.9 C(34)-C(38)-H(38A) 109.5 
C(4)-C(5)-C(1) 120.3(6) C(34)-C(38)-H(38B) 109.5 
C(4)-C(5)-H(5) 119.8 H(38A)-C(38)-H(38B) 109.5 
C(1)-C(5)-H(5) 119.8 C(34)-C(38)-H(38C) 109.5 
C(11)-C(6)-C(7) 119.7(5) H(38A)-C(38)-H(38C) 109.5 
C(11)-C(6)-C(2) 118.1(5) H(38B)-C(38)-H(38C) 109.5 
C(7)-C(6)-C(2) 122.1(6) C(35)-C(39)-H(39A) 109.5 
C(8)-C(7)-C(6) 116.9(6) C(35)-C(39)-H(39B) 109.5 
C(8)-C(7)-B(1) 117.1(5) H(39A)-C(39)-H(39B) 109.5 
C(6)-C(7)-B(1) 125.6(5) C(35)-C(39)-H(39C) 109.5 
C(9)-C(8)-C(7) 123.4(6) H(39A)-C(39)-H(39C) 109.5 
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C(9)-C(8)-H(8) 118.3 H(39B)-C(39)-H(39C) 109.5 
C(7)-C(8)-H(8) 118.3 C(36)-C(40)-H(40A) 109.5 
C(10)-C(9)-C(8) 118.7(5) C(36)-C(40)-H(40B) 109.5 
C(10)-C(9)-H(9) 120.7 H(40A)-C(40)-H(40B) 109.5 
C(8)-C(9)-H(9) 120.7 C(36)-C(40)-H(40C) 109.5 
C(9)-C(10)-C(11) 119.9(6) H(40A)-C(40)-H(40C) 109.5 
C(9)-C(10)-H(10) 120 H(40B)-C(40)-H(40C) 109.5 
C(11)-C(10)-H(10) 120 C(42)-C(41)-Zr(1) 123.6(3) 
C(10)-C(11)-C(6) 121.3(5) C(42)-C(41)-H(41A) 106.4 
C(10)-C(11)-H(11) 119.4 Zr(1)-C(41)-H(41A) 106.4 
C(6)-C(11)-H(11) 119.4 C(42)-C(41)-H(41B) 106.4 
C(13)-C(12)-C(17) 116.0(7) Zr(1)-C(41)-H(41B) 106.4 
C(13)-C(12)-B(1) 122.8(7) H(41A)-C(41)-H(41B) 106.5 
C(17)-C(12)-B(1) 121.1(7) C(43)-C(42)-C(47) 116.5(5) 
C(12)-C(13)-C(14) 120.9(9) C(43)-C(42)-C(41) 121.2(5) 
C(12)-C(13)-C(18) 119.6(6) C(47)-C(42)-C(41) 122.2(5) 
C(14)-C(13)-C(18) 119.5(9) C(44)-C(43)-C(42) 121.5(5) 
C(15)-C(14)-C(13) 122.2(10) C(44)-C(43)-H(43) 119.2 
C(15)-C(14)-H(14) 118.9 C(42)-C(43)-H(43) 119.2 
C(13)-C(14)-H(14) 118.9 C(45)-C(44)-C(43) 120.6(6) 
C(14)-C(15)-C(16) 120.6(9) C(45)-C(44)-H(44) 119.7 
C(14)-C(15)-C(19) 123.8(11) C(43)-C(44)-H(44) 119.7 
C(16)-C(15)-C(19) 115.5(10) C(46)-C(45)-C(44) 119.0(5) 
C(15)-C(16)-C(17) 118.6(9) C(46)-C(45)-H(45) 120.5 
C(15)-C(16)-H(16) 120.7 C(44)-C(45)-H(45) 120.5 
C(17)-C(16)-H(16) 120.7 C(45)-C(46)-C(47) 120.8(6) 
C(12)-C(17)-C(16) 121.5(8) C(45)-C(46)-H(46) 119.6 
C(12)-C(17)-C(20) 121.3(6) C(47)-C(46)-H(46) 119.6 
C(16)-C(17)-C(20) 117.2(8) C(46)-C(47)-C(42) 121.5(6) 
C(13)-C(18)-H(18A) 109.5 C(46)-C(47)-H(47) 119.2 
C(13)-C(18)-H(18B) 109.5 C(42)-C(47)-H(47) 119.2 
H(18A)-C(18)-H(18B) 109.5 C(49)-C(48)-Zr(1) 91.1(3) 
C(13)-C(18)-H(18C) 109.5 C(49)-C(48)-H(48A) 113.4 
H(18A)-C(18)-H(18C) 109.5 Zr(1)-C(48)-H(48A) 113.4 
H(18B)-C(18)-H(18C) 109.5 C(49)-C(48)-H(48B) 113.4 
C(15)-C(19)-H(19A) 109.5 Zr(1)-C(48)-H(48B) 113.4 
C(15)-C(19)-H(19B) 109.5 H(48A)-C(48)-H(48B) 110.7 
H(19A)-C(19)-H(19B) 109.5 C(54)-C(49)-C(50) 115.7(6) 
C(15)-C(19)-H(19C) 109.5 C(54)-C(49)-C(48) 124.0(6) 
H(19A)-C(19)-H(19C) 109.5 C(50)-C(49)-C(48) 119.8(6) 
H(19B)-C(19)-H(19C) 109.5 C(54)-C(49)-Zr(1) 107.7(3) 
C(17)-C(20)-H(20A) 109.5 C(50)-C(49)-Zr(1) 100.4(3) 
C(17)-C(20)-H(20B) 109.5 C(48)-C(49)-Zr(1) 56.2(3) 
H(20A)-C(20)-H(20B) 109.5 C(51)-C(50)-C(49) 121.3(6) 
C(17)-C(20)-H(20C) 109.5 C(51)-C(50)-H(50) 119.4 
H(20A)-C(20)-H(20C) 109.5 C(49)-C(50)-H(50) 119.4 
H(20B)-C(20)-H(20C) 109.5 C(50)-C(51)-C(52) 120.7(6) 
C(26)-C(21)-C(22) 116.8(5) C(50)-C(51)-H(51) 119.6 
Chapter 4                                                                                                       Appendix 
 
274 
 
C(26)-C(21)-B(1) 121.5(6) C(52)-C(51)-H(51) 119.6 
C(22)-C(21)-B(1) 121.7(6) C(53)-C(52)-C(51) 119.7(7) 
C(23)-C(22)-C(21) 121.2(6) C(53)-C(52)-H(52) 120.2 
C(23)-C(22)-C(27) 117.2(6) C(51)-C(52)-H(52) 120.2 
C(21)-C(22)-C(27) 121.5(5) C(54)-C(53)-C(52) 119.4(7) 
C(24)-C(23)-C(22) 121.4(6) C(54)-C(53)-H(53) 120.3 
C(24)-C(23)-H(23) 119.3 C(52)-C(53)-H(53) 120.3 
C(22)-C(23)-H(23) 119.3 C(53)-C(54)-C(49) 123.1(6) 
C(23)-C(24)-C(25) 118.8(5) C(53)-C(54)-H(54) 118.4 
C(23)-C(24)-C(28) 122.2(7) C(49)-C(54)-H(54) 118.4 
 
Table S9.4 Anisotropic displacement parameters (Å2×103) for Zr-2(Bn)2. The 
anisotropic displacement factor exponent takes the form: -2 pi2[h2 a*2 U11 + ... + 2 h k 
a* b* U12]. 
 U11 U22 U33 U23 U13 U12 
Zr(1) 68(1) 22(1) 24(1) 5(1) 27(1) 6(1) 
Si(1) 90(2) 76(1) 36(1) 38(1) 42(1) 55(1) 
B(1) 31(6) 48(4) 43(4) 21(3) 5(4) -2(4) 
N(1) 59(4) 47(3) 31(3) 15(2) 24(3) 15(3) 
N(2) 36(3) 32(2) 17(2) 2(2) 4(2) 7(3) 
C(1) 46(5) 42(4) 20(3) 6(3) -1(3) 21(3) 
C(2) 29(5) 25(3) 30(3) -2(3) -4(3) 8(3) 
C(3) 45(6) 46(4) 47(4) -2(3) -13(4) 3(4) 
C(4) 56(7) 89(5) 45(5) -20(4) -30(4) 10(5) 
C(5) 53(6) 116(6) 24(4) 6(4) -7(4) 18(5) 
C(6) 32(5) 17(3) 35(3) 8(2) 1(3) -5(3) 
C(7) 33(5) 28(3) 42(4) 20(3) 1(3) -5(3) 
C(8) 32(5) 45(4) 56(4) 32(3) 13(4) -2(3) 
C(9) 40(5) 44(4) 41(4) 32(3) 3(4) -2(4) 
C(10) 29(5) 27(3) 48(4) 10(3) -5(3) -1(3) 
C(11) 41(5) 11(3) 37(4) 2(2) 5(3) 2(3) 
C(12) 25(5) 77(5) 67(5) 47(4) 1(4) -13(4) 
C(13) 41(6) 129(8) 111(7) 39(6) 43(5) -12(6) 
C(14) 73(9) 200(11) 104(8) 23(8) 47(6) -22(8) 
C(15) 81(6) 145(6) 100(6) 38(5) 7(5) -46(5) 
C(16) 61(5) 97(5) 78(5) 61(4) -31(4) -34(4) 
C(17) 33(6) 92(6) 83(6) 63(5) -13(4) -23(5) 
C(18) 114(10) 156(10) 200(11) -19(8) 135(9) -4(8) 
C(19) 114(6) 191(7) 112(6) 48(5) 30(5) -57(5) 
C(20) 62(7) 60(5) 144(9) 39(5) -16(6) -41(5) 
C(21) 28(5) 38(4) 56(4) 14(3) 14(4) 9(3) 
C(22) 21(5) 50(4) 56(4) 29(3) 6(4) 6(3) 
C(23) 27(5) 45(4) 50(4) 23(3) 6(3) 16(3) 
C(24) 46(5) 34(3) 43(4) 12(3) 27(4) 17(4) 
C(25) 54(5) 26(3) 39(4) 3(3) 26(4) 5(3) 
C(26) 30(5) 30(3) 42(4) 11(2) 24(3) 13(3) 
C(27) 19(5) 73(5) 98(6) 53(4) -7(4) 0(4) 
C(28) 82(6) 32(3) 54(4) 15(3) 28(4) 17(3) 
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C(29) 35(5) 37(3) 41(4) 9(3) 15(3) -1(3) 
C(30) 114(8) 132(7) 63(5) 49(5) 59(5) 82(6) 
C(31) 64(6) 110(6) 27(4) 23(3) 19(4) 33(4) 
C(32) 57(6) 47(4) 37(4) 23(3) 33(4) 8(4) 
C(33) 85(5) 31(3) 40(4) 12(3) 46(4) 11(4) 
C(34) 92(5) 31(3) 44(4) 2(3) 45(4) -15(4) 
C(35) 95(7) 31(3) 36(4) 3(3) 47(5) -4(4) 
C(36) 73(6) 31(3) 28(4) 12(3) 32(4) 5(4) 
C(37) 198(10) 48(4) 89(6) 39(4) 106(7) 63(5) 
C(38) 201(10) 32(4) 75(5) -28(3) 97(6) -56(5) 
C(39) 106(8) 59(4) 42(4) -24(3) 46(5) -41(5) 
C(40) 53(5) 33(3) 25(3) 1(2) 23(3) 9(3) 
C(41) 39(5) 26(3) 23(3) -2(2) 11(3) -4(3) 
C(42) 39(5) 22(3) 14(3) 3(2) 5(3) -2(3) 
C(43) 29(4) 26(3) 26(3) 6(2) 10(3) 2(3) 
C(44) 54(6) 28(3) 21(3) -2(2) 4(3) -10(3) 
C(45) 58(6) 24(3) 26(3) -7(2) 16(4) -5(3) 
C(46) 36(5) 34(3) 30(3) -9(3) 14(3) -6(3) 
C(47) 36(5) 28(3) 23(3) -8(2) 4(3) -8(3) 
C(48) 91(7) 30(3) 38(4) -4(3) 45(4) -8(4) 
C(49) 48(4) 30(3) 27(3) -7(3) 28(3) -7(3) 
C(50) 62(6) 29(3) 27(3) -7(3) 24(4) -13(3) 
C(51) 56(6) 40(4) 24(3) -5(3) 21(4) -15(4) 
C(52) 56(6) 63(4) 26(3) -1(3) 24(3) -10(4) 
C(53) 69(7) 74(5) 30(4) -9(4) 23(4) -36(5) 
C(54) 71(7) 43(4) 30(4) -21(3) 30(4) -31(4) 
 
Table S9.5 Hydrogen coordinates (×104) and isotropic displacement parameters 
(Å2×103) for Zr-2(Bn)2.    
 x y z U(eq) 
H(3) 3510 6601 579 56 
H(4) 3569 6104 2762 78 
H(5) 2944 5290 3432 78 
H(8) 3429 6455 -3979 52 
H(9) 2714 7042 -4867 50 
H(10) 2081 7207 -3540 43 
H(11) 2173 6769 -1361 36 
H(14) 4981 5670 -4367 148 
H(16) 4840 7827 -2543 97 
H(18A) 4253 4454 -2568 223 
H(18B) 4579 4444 -3776 223 
H(18C) 4023 4691 -4013 223 
H(19A) 5623 6848 -4345 207 
H(19B) 5452 7737 -3843 207 
H(19C) 5218 7366 -5210 207 
H(20A) 4166 7257 -257 135 
H(20B) 3762 7520 -1397 135 
H(20C) 4248 8049 -1165 135 
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H(23) 4314 3981 1652 48 
H(25) 3183 3118 -685 46 
H(27A) 4670 5222 1369 97 
H(27B) 4286 5937 951 97 
H(27C) 4637 5603 -85 97 
H(28A) 3610 2783 2292 82 
H(28B) 4051 2410 1584 82 
H(28C) 3511 2246 973 82 
H(29A) 2899 3770 -2599 55 
H(29B) 3169 4565 -3133 55 
H(29C) 2759 4690 -2155 55 
H(30A) 2742 3201 2857 150 
H(30B) 2564 2973 4259 150 
H(30C) 2932 3729 4131 150 
H(31A) 2434 4983 5230 99 
H(31B) 1974 4461 5580 99 
H(31C) 1905 5291 4708 99 
H(37A) 1957 2038 1940 159 
H(37B) 2222 2802 1304 159 
H(37C) 1836 2258 417 159 
H(38A) 1069 2441 -691 146 
H(38B) 548 2797 -462 146 
H(38C) 762 2017 378 146 
H(39A) 95 3604 1583 100 
H(39B) 255 4052 292 100 
H(39C) 249 4567 1633 100 
H(40A) 975 4388 4598 53 
H(40B) 619 4842 3503 53 
H(40C) 1161 5164 3796 53 
H(41A) 1388 6155 113 35 
H(41B) 876 5715 9 35 
H(43) 1726 6512 2552 31 
H(44) 1522 7239 4391 41 
H(45) 717 7480 4714 42 
H(46) 119 6974 3189 39 
H(47) 314 6247 1348 35 
H(48A) 2067 3998 -1306 61 
H(48B) 1646 3306 -1180 61 
H(50) 1841 5441 -2019 46 
H(51) 1297 6341 -3107 47 
H(52) 499 5941 -3622 56 
H(53) 254 4594 -3104 68 
H(54) 788 3705 -1978 56 
 
Table S9.6 Torsion angles [º] for Zr-2(Bn)2.  
C(48)-Zr(1)-Si(1)-N(1) 78.7(3) C(35)-Zr(1)-C(33)-C(32) -79.1(4) 
C(41)-Zr(1)-Si(1)-N(1) -72.8(3) C(34)-Zr(1)-C(33)-C(32) -115.2(6) 
C(32)-Zr(1)-Si(1)-N(1) 175.7(3) C(49)-Zr(1)-C(33)-C(32) -174.7(4) 
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C(33)-Zr(1)-Si(1)-N(1) 144.8(3) Si(1)-Zr(1)-C(33)-C(32) 33.6(4) 
C(36)-Zr(1)-Si(1)-N(1) -152.8(3) N(1)-Zr(1)-C(33)-C(37) -67.8(6) 
C(35)-Zr(1)-Si(1)-N(1) -167.7(2) C(48)-Zr(1)-C(33)-C(37) 41.9(6) 
C(34)-Zr(1)-Si(1)-N(1) 160.4(3) C(41)-Zr(1)-C(33)-C(37) 178.2(5) 
C(49)-Zr(1)-Si(1)-N(1) 67.3(4) C(32)-Zr(1)-C(33)-C(37) -119.7(9) 
N(1)-Zr(1)-Si(1)-C(32) -175.7(3) C(36)-Zr(1)-C(33)-C(37) -158.9(8) 
C(48)-Zr(1)-Si(1)-C(32) -97.0(3) C(35)-Zr(1)-C(33)-C(37) 161.2(7) 
C(41)-Zr(1)-Si(1)-C(32) 111.6(3) C(34)-Zr(1)-C(33)-C(37) 125.2(8) 
C(33)-Zr(1)-Si(1)-C(32) -30.8(3) C(49)-Zr(1)-C(33)-C(37) 65.7(7) 
C(36)-Zr(1)-Si(1)-C(32) 31.6(3) Si(1)-Zr(1)-C(33)-C(37) -86.0(6) 
C(35)-Zr(1)-Si(1)-C(32) 16.7(3) C(32)-C(33)-C(34)-C(35) 2.3(6) 
C(34)-Zr(1)-Si(1)-C(32) -15.3(3) C(37)-C(33)-C(34)-C(35) -178.3(5) 
C(49)-Zr(1)-Si(1)-C(32) -108.4(4) Zr(1)-C(33)-C(34)-C(35) -63.4(4) 
N(1)-Zr(1)-Si(1)-C(30) -82.1(4) C(32)-C(33)-C(34)-C(38) -169.0(5) 
C(48)-Zr(1)-Si(1)-C(30) -3.5(4) C(37)-C(33)-C(34)-C(38) 10.3(9) 
C(41)-Zr(1)-Si(1)-C(30) -154.9(4) Zr(1)-C(33)-C(34)-C(38) 125.2(5) 
C(32)-Zr(1)-Si(1)-C(30) 93.5(4) C(32)-C(33)-C(34)-Zr(1) 65.7(4) 
C(33)-Zr(1)-Si(1)-C(30) 62.7(4) C(37)-C(33)-C(34)-Zr(1) -114.9(5) 
C(36)-Zr(1)-Si(1)-C(30) 125.1(4) N(1)-Zr(1)-C(34)-C(33) -15.2(4) 
C(35)-Zr(1)-Si(1)-C(30) 110.2(4) C(48)-Zr(1)-C(34)-C(33) 93.6(4) 
C(34)-Zr(1)-Si(1)-C(30) 78.2(4) C(41)-Zr(1)-C(34)-C(33) -148.3(3) 
C(49)-Zr(1)-Si(1)-C(30) -14.8(5) C(32)-Zr(1)-C(34)-C(33) -38.8(3) 
N(1)-Zr(1)-Si(1)-C(31) 86.8(4) C(36)-Zr(1)-C(34)-C(33) -80.6(4) 
C(48)-Zr(1)-Si(1)-C(31) 165.5(3) C(35)-Zr(1)-C(34)-C(33) -117.3(6) 
C(41)-Zr(1)-Si(1)-C(31) 14.0(3) C(49)-Zr(1)-C(34)-C(33) 125.3(4) 
C(32)-Zr(1)-Si(1)-C(31) -97.5(4) Si(1)-Zr(1)-C(34)-C(33) -27.4(3) 
C(33)-Zr(1)-Si(1)-C(31) -128.3(3) N(1)-Zr(1)-C(34)-C(35) 102.2(5) 
C(36)-Zr(1)-Si(1)-C(31) -65.9(3) C(48)-Zr(1)-C(34)-C(35) -149.0(5) 
C(35)-Zr(1)-Si(1)-C(31) -80.8(3) C(41)-Zr(1)-C(34)-C(35) -30.9(6) 
C(34)-Zr(1)-Si(1)-C(31) -112.8(3) C(32)-Zr(1)-C(34)-C(35) 78.6(5) 
C(49)-Zr(1)-Si(1)-C(31) 154.1(4) C(33)-Zr(1)-C(34)-C(35) 117.3(6) 
C(32)-Si(1)-N(1)-C(1) -173.4(5) C(36)-Zr(1)-C(34)-C(35) 36.7(4) 
C(30)-Si(1)-N(1)-C(1) -55.2(6) C(49)-Zr(1)-C(34)-C(35) -117.4(5) 
C(31)-Si(1)-N(1)-C(1) 67.1(5) Si(1)-Zr(1)-C(34)-C(35) 89.9(5) 
Zr(1)-Si(1)-N(1)-C(1) -176.8(6) N(1)-Zr(1)-C(34)-C(38) -136.6(7) 
C(32)-Si(1)-N(1)-Zr(1) 3.4(3) C(48)-Zr(1)-C(34)-C(38) -27.8(7) 
C(30)-Si(1)-N(1)-Zr(1) 121.7(4) C(41)-Zr(1)-C(34)-C(38) 90.3(7) 
C(31)-Si(1)-N(1)-Zr(1) -116.1(3) C(32)-Zr(1)-C(34)-C(38) -160.2(8) 
C(48)-Zr(1)-N(1)-C(1) 60.5(4) C(33)-Zr(1)-C(34)-C(38) -121.4(9) 
C(41)-Zr(1)-N(1)-C(1) -65.0(4) C(36)-Zr(1)-C(34)-C(38) 157.9(9) 
C(32)-Zr(1)-N(1)-C(1) 174.2(5) C(35)-Zr(1)-C(34)-C(38) 121.2(10) 
C(33)-Zr(1)-N(1)-C(1) 146.2(4) C(49)-Zr(1)-C(34)-C(38) 3.8(7) 
C(36)-Zr(1)-N(1)-C(1) -159.4(4) Si(1)-Zr(1)-C(34)-C(38) -148.8(7) 
C(35)-Zr(1)-N(1)-C(1) -168.5(4) C(33)-C(34)-C(35)-C(36) -3.5(6) 
C(34)-Zr(1)-N(1)-C(1) 154.0(4) C(38)-C(34)-C(35)-C(36) 168.2(5) 
C(49)-Zr(1)-N(1)-C(1) 30.9(5) Zr(1)-C(34)-C(35)-C(36) -64.4(4) 
Si(1)-Zr(1)-N(1)-C(1) 177.0(5) C(33)-C(34)-C(35)-C(39) -178.5(5) 
C(48)-Zr(1)-N(1)-Si(1) -116.5(2) C(38)-C(34)-C(35)-C(39) -6.8(9) 
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C(41)-Zr(1)-N(1)-Si(1) 118.0(2) Zr(1)-C(34)-C(35)-C(39) 120.6(5) 
C(32)-Zr(1)-N(1)-Si(1) -2.8(2) C(33)-C(34)-C(35)-Zr(1) 61.0(4) 
C(33)-Zr(1)-N(1)-Si(1) -30.8(2) C(38)-C(34)-C(35)-Zr(1) -127.4(5) 
C(36)-Zr(1)-N(1)-Si(1) 23.7(2) N(1)-Zr(1)-C(35)-C(36) 17.4(4) 
C(35)-Zr(1)-N(1)-Si(1) 14.6(3) C(48)-Zr(1)-C(35)-C(36) 148.2(4) 
C(34)-Zr(1)-N(1)-Si(1) -23.0(3) C(41)-Zr(1)-C(35)-C(36) -90.4(4) 
C(49)-Zr(1)-N(1)-Si(1) -146.1(2) C(32)-Zr(1)-C(35)-C(36) 37.6(4) 
C(2)-N(2)-C(1)-N(1) -176.9(4) C(33)-Zr(1)-C(35)-C(36) 80.3(4) 
C(2)-N(2)-C(1)-C(5) 1.5(8) C(34)-Zr(1)-C(35)-C(36) 115.3(7) 
Si(1)-N(1)-C(1)-N(2) 168.4(3) C(49)-Zr(1)-C(35)-C(36) -177.7(4) 
Zr(1)-N(1)-C(1)-N(2) -7.9(6) Si(1)-Zr(1)-C(35)-C(36) 25.3(4) 
Si(1)-N(1)-C(1)-C(5) -9.9(8) N(1)-Zr(1)-C(35)-C(34) -97.9(5) 
Zr(1)-N(1)-C(1)-C(5) 173.8(5) C(48)-Zr(1)-C(35)-C(34) 33.0(5) 
C(1)-N(2)-C(2)-C(3) -2.2(8) C(41)-Zr(1)-C(35)-C(34) 154.3(5) 
C(1)-N(2)-C(2)-C(6) 177.8(4) C(32)-Zr(1)-C(35)-C(34) -77.7(5) 
N(2)-C(2)-C(3)-C(4) 2.3(9) C(33)-Zr(1)-C(35)-C(34) -35.0(4) 
C(6)-C(2)-C(3)-C(4) -177.7(5) C(36)-Zr(1)-C(35)-C(34) -115.3(7) 
C(2)-C(3)-C(4)-C(5) -1.7(10) C(49)-Zr(1)-C(35)-C(34) 67.0(5) 
C(3)-C(4)-C(5)-C(1) 1.0(11) Si(1)-Zr(1)-C(35)-C(34) -90.0(5) 
N(2)-C(1)-C(5)-C(4) -1.0(10) N(1)-Zr(1)-C(35)-C(39) 139.6(5) 
N(1)-C(1)-C(5)-C(4) 177.3(6) C(48)-Zr(1)-C(35)-C(39) -89.6(5) 
N(2)-C(2)-C(6)-C(11) 50.6(6) C(41)-Zr(1)-C(35)-C(39) 31.8(5) 
C(3)-C(2)-C(6)-C(11) -129.3(6) C(32)-Zr(1)-C(35)-C(39) 159.8(6) 
N(2)-C(2)-C(6)-C(7) -132.1(5) C(33)-Zr(1)-C(35)-C(39) -157.5(6) 
C(3)-C(2)-C(6)-C(7) 47.9(7) C(36)-Zr(1)-C(35)-C(39) 122.2(6) 
C(11)-C(6)-C(7)-C(8) -2.5(7) C(34)-Zr(1)-C(35)-C(39) -122.5(8) 
C(2)-C(6)-C(7)-C(8) -179.7(5) C(49)-Zr(1)-C(35)-C(39) -55.5(5) 
C(11)-C(6)-C(7)-B(1) -175.6(5) Si(1)-Zr(1)-C(35)-C(39) 147.4(5) 
C(2)-C(6)-C(7)-B(1) 7.2(8) C(34)-C(35)-C(36)-C(32) 3.2(6) 
C(21)-B(1)-C(7)-C(8) -135.2(6) C(39)-C(35)-C(36)-C(32) 178.2(5) 
C(12)-B(1)-C(7)-C(8) 37.2(8) Zr(1)-C(35)-C(36)-C(32) -63.4(4) 
C(21)-B(1)-C(7)-C(6) 37.9(9) C(34)-C(35)-C(36)-C(40) -170.7(4) 
C(12)-B(1)-C(7)-C(6) -149.8(6) C(39)-C(35)-C(36)-C(40) 4.3(9) 
C(6)-C(7)-C(8)-C(9) 0.4(8) Zr(1)-C(35)-C(36)-C(40) 122.7(5) 
B(1)-C(7)-C(8)-C(9) 174.1(6) C(34)-C(35)-C(36)-Zr(1) 66.6(4) 
C(7)-C(8)-C(9)-C(10) 1.1(9) C(39)-C(35)-C(36)-Zr(1) -118.5(6) 
C(8)-C(9)-C(10)-C(11) -0.6(8) C(33)-C(32)-C(36)-C(35) -1.8(6) 
C(9)-C(10)-C(11)-C(6) -1.5(8) Si(1)-C(32)-C(36)-C(35) 149.0(4) 
C(7)-C(6)-C(11)-C(10) 3.0(8) Zr(1)-C(32)-C(36)-C(35) 67.5(4) 
C(2)-C(6)-C(11)-C(10) -179.6(5) C(33)-C(32)-C(36)-C(40) 172.0(4) 
C(21)-B(1)-C(12)-C(13) 55.5(10) Si(1)-C(32)-C(36)-C(40) -37.2(7) 
C(7)-B(1)-C(12)-C(13) -116.8(8) Zr(1)-C(32)-C(36)-C(40) -118.7(5) 
C(21)-B(1)-C(12)-C(17) -128.4(7) C(33)-C(32)-C(36)-Zr(1) -69.3(3) 
C(7)-B(1)-C(12)-C(17) 59.4(9) Si(1)-C(32)-C(36)-Zr(1) 81.5(3) 
C(17)-C(12)-C(13)-C(14) -3.4(12) N(1)-Zr(1)-C(36)-C(35) -165.3(4) 
B(1)-C(12)-C(13)-C(14) 172.9(8) C(48)-Zr(1)-C(36)-C(35) -45.0(5) 
C(17)-C(12)-C(13)-C(18) 178.0(8) C(41)-Zr(1)-C(36)-C(35) 92.0(4) 
B(1)-C(12)-C(13)-C(18) -5.7(13) C(32)-Zr(1)-C(36)-C(35) -115.7(6) 
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C(12)-C(13)-C(14)-C(15) 2.2(16) C(33)-Zr(1)-C(36)-C(35) -75.6(4) 
C(18)-C(13)-C(14)-C(15) -179.1(11) C(34)-Zr(1)-C(36)-C(35) -36.8(4) 
C(13)-C(14)-C(15)-C(16) 1.5(17) C(49)-Zr(1)-C(36)-C(35) 3.2(5) 
C(13)-C(14)-C(15)-C(19) -177.1(9) Si(1)-Zr(1)-C(36)-C(35) -150.9(4) 
C(14)-C(15)-C(16)-C(17) -3.6(15) N(1)-Zr(1)-C(36)-C(32) -49.6(4) 
C(19)-C(15)-C(16)-C(17) 175.0(7) C(48)-Zr(1)-C(36)-C(32) 70.7(6) 
C(13)-C(12)-C(17)-C(16) 1.2(11) C(41)-Zr(1)-C(36)-C(32) -152.3(4) 
B(1)-C(12)-C(17)-C(16) -175.2(7) C(33)-Zr(1)-C(36)-C(32) 40.2(4) 
C(13)-C(12)-C(17)-C(20) -176.0(8) C(35)-Zr(1)-C(36)-C(32) 115.7(6) 
B(1)-C(12)-C(17)-C(20) 7.7(11) C(34)-Zr(1)-C(36)-C(32) 78.9(4) 
C(15)-C(16)-C(17)-C(12) 2.3(12) C(49)-Zr(1)-C(36)-C(32) 119.0(4) 
C(15)-C(16)-C(17)-C(20) 179.6(8) Si(1)-Zr(1)-C(36)-C(32) -35.2(4) 
C(12)-B(1)-C(21)-C(26) -127.7(7) N(1)-Zr(1)-C(36)-C(40) 71.6(6) 
C(7)-B(1)-C(21)-C(26) 44.1(8) C(48)-Zr(1)-C(36)-C(40) -168.1(5) 
C(12)-B(1)-C(21)-C(22) 52.4(9) C(41)-Zr(1)-C(36)-C(40) -31.2(6) 
C(7)-B(1)-C(21)-C(22) -135.7(6) C(32)-Zr(1)-C(36)-C(40) 121.1(8) 
C(26)-C(21)-C(22)-C(23) -1.7(8) C(33)-Zr(1)-C(36)-C(40) 161.3(7) 
B(1)-C(21)-C(22)-C(23) 178.2(5) C(35)-Zr(1)-C(36)-C(40) -123.1(8) 
C(26)-C(21)-C(22)-C(27) -177.4(5) C(34)-Zr(1)-C(36)-C(40) -159.9(7) 
B(1)-C(21)-C(22)-C(27) 2.5(9) C(49)-Zr(1)-C(36)-C(40) -119.9(5) 
C(21)-C(22)-C(23)-C(24) 0.6(8) Si(1)-Zr(1)-C(36)-C(40) 85.9(6) 
C(27)-C(22)-C(23)-C(24) 176.4(5) N(1)-Zr(1)-C(41)-C(42) -57.7(5) 
C(22)-C(23)-C(24)-C(25) 1.4(8) C(48)-Zr(1)-C(41)-C(42) -178.0(5) 
C(22)-C(23)-C(24)-C(28) -178.8(5) C(32)-Zr(1)-C(41)-C(42) 16.7(6) 
C(23)-C(24)-C(25)-C(26) -2.2(8) C(33)-Zr(1)-C(41)-C(42) 52.9(7) 
C(28)-C(24)-C(25)-C(26) 178.1(4) C(36)-Zr(1)-C(41)-C(42) 34.4(5) 
C(24)-C(25)-C(26)-C(21) 1.0(7) C(35)-Zr(1)-C(41)-C(42) 66.4(5) 
C(24)-C(25)-C(26)-C(29) 179.6(5) C(34)-Zr(1)-C(41)-C(42) 82.3(5) 
C(22)-C(21)-C(26)-C(25) 1.0(7) C(49)-Zr(1)-C(41)-C(42) 171.6(5) 
B(1)-C(21)-C(26)-C(25) -178.9(5) Si(1)-Zr(1)-C(41)-C(42) -25.6(5) 
C(22)-C(21)-C(26)-C(29) -177.7(5) Zr(1)-C(41)-C(42)-C(43) 65.6(6) 
B(1)-C(21)-C(26)-C(29) 2.4(8) Zr(1)-C(41)-C(42)-C(47) -113.7(5) 
N(1)-Si(1)-C(32)-C(36) -76.8(4) C(47)-C(42)-C(43)-C(44) 1.2(7) 
C(30)-Si(1)-C(32)-C(36) 165.9(4) C(41)-C(42)-C(43)-C(44) -178.2(4) 
C(31)-Si(1)-C(32)-C(36) 41.0(5) C(42)-C(43)-C(44)-C(45) -0.7(7) 
Zr(1)-Si(1)-C(32)-C(36) -74.0(4) C(43)-C(44)-C(45)-C(46) 0.2(7) 
N(1)-Si(1)-C(32)-C(33) 68.5(5) C(44)-C(45)-C(46)-C(47) -0.2(8) 
C(30)-Si(1)-C(32)-C(33) -48.8(5) C(45)-C(46)-C(47)-C(42) 0.7(8) 
C(31)-Si(1)-C(32)-C(33) -173.7(5) C(43)-C(42)-C(47)-C(46) -1.1(7) 
Zr(1)-Si(1)-C(32)-C(33) 71.3(4) C(41)-C(42)-C(47)-C(46) 178.2(4) 
N(1)-Si(1)-C(32)-Zr(1) -2.8(2) N(1)-Zr(1)-C(48)-C(49) -135.9(3) 
C(30)-Si(1)-C(32)-Zr(1) -120.1(2) C(41)-Zr(1)-C(48)-C(49) -19.4(4) 
C(31)-Si(1)-C(32)-Zr(1) 115.0(2) C(32)-Zr(1)-C(48)-C(49) 146.7(4) 
N(1)-Zr(1)-C(32)-C(36) 126.0(4) C(33)-Zr(1)-C(48)-C(49) 135.1(4) 
C(48)-Zr(1)-C(32)-C(36) -131.6(4) C(36)-Zr(1)-C(48)-C(49) 110.6(4) 
C(41)-Zr(1)-C(32)-C(36) 33.6(5) C(35)-Zr(1)-C(48)-C(49) 87.1(4) 
C(33)-Zr(1)-C(32)-C(36) -110.7(6) C(34)-Zr(1)-C(48)-C(49) 104.0(4) 
C(35)-Zr(1)-C(32)-C(36) -35.9(3) Si(1)-Zr(1)-C(48)-C(49) -170.3(3) 
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C(34)-Zr(1)-C(32)-C(36) -75.5(4) Zr(1)-C(48)-C(49)-C(54) -89.4(5) 
C(49)-Zr(1)-C(32)-C(36) -102.4(5) Zr(1)-C(48)-C(49)-C(50) 82.3(4) 
Si(1)-Zr(1)-C(32)-C(36) 123.5(5) N(1)-Zr(1)-C(49)-C(54) 179.0(4) 
N(1)-Zr(1)-C(32)-C(33) -123.3(5) C(48)-Zr(1)-C(49)-C(54) 119.5(6) 
C(48)-Zr(1)-C(32)-C(33) -20.9(5) C(41)-Zr(1)-C(49)-C(54) -77.6(4) 
C(41)-Zr(1)-C(32)-C(33) 144.3(4) C(32)-Zr(1)-C(49)-C(54) 66.6(6) 
C(36)-Zr(1)-C(32)-C(33) 110.7(6) C(33)-Zr(1)-C(49)-C(54) 71.5(5) 
C(35)-Zr(1)-C(32)-C(33) 74.9(4) C(36)-Zr(1)-C(49)-C(54) 14.2(5) 
C(34)-Zr(1)-C(32)-C(33) 35.2(4) C(35)-Zr(1)-C(49)-C(54) 15.9(5) 
C(49)-Zr(1)-C(32)-C(33) 8.3(6) C(34)-Zr(1)-C(49)-C(54) 45.1(4) 
Si(1)-Zr(1)-C(32)-C(33) -125.8(5) Si(1)-Zr(1)-C(49)-C(54) 137.8(4) 
N(1)-Zr(1)-C(32)-Si(1) 2.50(19) N(1)-Zr(1)-C(49)-C(50) -59.6(5) 
C(48)-Zr(1)-C(32)-Si(1) 104.9(3) C(48)-Zr(1)-C(49)-C(50) -119.1(6) 
C(41)-Zr(1)-C(32)-Si(1) -89.9(3) C(41)-Zr(1)-C(49)-C(50) 43.7(4) 
C(33)-Zr(1)-C(32)-Si(1) 125.8(5) C(32)-Zr(1)-C(49)-C(50) -172.0(4) 
C(36)-Zr(1)-C(32)-Si(1) -123.5(5) C(33)-Zr(1)-C(49)-C(50) -167.1(4) 
C(35)-Zr(1)-C(32)-Si(1) -159.3(3) C(36)-Zr(1)-C(49)-C(50) 135.5(4) 
C(34)-Zr(1)-C(32)-Si(1) 161.0(4) C(35)-Zr(1)-C(49)-C(50) 137.3(4) 
C(49)-Zr(1)-C(32)-Si(1) 134.1(3) C(34)-Zr(1)-C(49)-C(50) 166.5(4) 
C(36)-C(32)-C(33)-C(34) -0.4(6) Si(1)-Zr(1)-C(49)-C(50) -100.8(4) 
Si(1)-C(32)-C(33)-C(34) -150.4(5) N(1)-Zr(1)-C(49)-C(48) 59.5(4) 
Zr(1)-C(32)-C(33)-C(34) -71.0(4) C(41)-Zr(1)-C(49)-C(48) 162.8(4) 
C(36)-C(32)-C(33)-C(37) -179.7(5) C(32)-Zr(1)-C(49)-C(48) -52.9(5) 
Si(1)-C(32)-C(33)-C(37) 30.2(7) C(33)-Zr(1)-C(49)-C(48) -48.0(4) 
Zr(1)-C(32)-C(33)-C(37) 109.6(5) C(36)-Zr(1)-C(49)-C(48) -105.4(4) 
C(36)-C(32)-C(33)-Zr(1) 70.7(3) C(35)-Zr(1)-C(49)-C(48) -103.6(4) 
Si(1)-C(32)-C(33)-Zr(1) -79.4(4) C(34)-Zr(1)-C(49)-C(48) -74.4(4) 
N(1)-Zr(1)-C(33)-C(34) 167.0(4) Si(1)-Zr(1)-C(49)-C(48) 18.3(5) 
C(48)-Zr(1)-C(33)-C(34) -83.2(4) C(54)-C(49)-C(50)-C(51) -2.3(7) 
C(41)-Zr(1)-C(33)-C(34) 53.0(6) C(48)-C(49)-C(50)-C(51) -174.7(4) 
C(32)-Zr(1)-C(33)-C(34) 115.2(6) Zr(1)-C(49)-C(50)-C(51) -117.9(5) 
C(36)-Zr(1)-C(33)-C(34) 75.9(4) C(49)-C(50)-C(51)-C(52) 1.3(7) 
C(35)-Zr(1)-C(33)-C(34) 36.1(4) C(50)-C(51)-C(52)-C(53) -0.9(7) 
C(49)-Zr(1)-C(33)-C(34) -59.5(4) C(51)-C(52)-C(53)-C(54) 1.6(8) 
Si(1)-Zr(1)-C(33)-C(34) 148.8(4) C(52)-C(53)-C(54)-C(49) -2.9(8) 
N(1)-Zr(1)-C(33)-C(32) 51.8(4) C(50)-C(49)-C(54)-C(53) 3.2(7) 
C(48)-Zr(1)-C(33)-C(32) 161.6(5) C(48)-C(49)-C(54)-C(53) 175.2(5) 
C(41)-Zr(1)-C(33)-C(32) -62.2(7) Zr(1)-C(49)-C(54)-C(53) 114.5(5) 
C(36)-Zr(1)-C(33)-C(32) -39.3(4)   
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Figure S106. Single-crystal X-ray analysis data of Zr-2(CH2SiMe3)2. 
 
Table S10.1 Crystal data and structure refinement for Zr-2(CH2SiMe3)2. 
Empirical formula C50H74BN2O0.50Si3Zr 
Formula weight 897.41 
Temperature 100(2) K 
Wavelength 0.71073 Å 
Crystal system, space group Triclinic,  P1  
Unit cell dimensions a = 11.1492(5) Å α  = 89.308(2)º 
 b = 11.3188(5) Å β = 82.967(2)º 
 c = 20.2772(9) Å γ = 77.549(2)º 
Volume 2479.64(19) Å3 
Z, Calculated density 2,  1.202 mg/m3 
Absorption coefficient 0.329 mm-1 
F(000) 958 
Crystal size 0.66 x 0.38 x 0.34 mm 
Theta range for data collection 1.84 to 30.57º 
Limiting indices -15<=h<=15, -16<=k<=16, -29<=l<=28 
Reflections collected / unique 61402 / 15077 [R(int) = 0.0328] 
Completeness to theta = 30.57 99.20% 
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.7461 and 0.7113 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 15077 / 14 / 558 
Goodness-of-fit on F2 1.048 
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Final R indices [I>2(I)] R1 = 0.0309, wR2 = 0.0790 
R indices (all data) R1 = 0.0440, wR2 = 0.0835 
Largest diff. peak and hole 0.452 and -0.507 e.Å-3 
 
Table S10.2 Atomic coordinates (×104) and equivalent isotropic displacement 
parameters (Å2×103) for Zr-2(CH2SiMe3)2. U(eq) is defined as one third of the trace of 
the orthogonalized Uij tensor.  
 x y z U(eq) 
Zr(1) 8178(1) 3112(1) 1384(1) 13(1) 
Si(1) 9019(1) 5463(1) 1785(1) 15(1) 
N(1) 8365(1) 4326(1) 2143(1) 18(1) 
C(1) 7735(1) 4147(1) 2742(1) 15(1) 
B(1) 3686(1) 3164(1) 3808(1) 14(1) 
Si(2) 10477(1) 677(1) 2092(1) 17(1) 
N(2) 7186(1) 3193(1) 2737(1) 14(1) 
C(2) 6500(1) 2951(1) 3298(1) 14(1) 
Si(3) 6092(1) 1351(1) 792(1) 17(1) 
C(3) 6387(1) 3628(1) 3880(1) 19(1) 
C(4) 6961(1) 4599(1) 3882(1) 21(1) 
C(5) 7637(1) 4878(1) 3311(1) 18(1) 
C(6) 5904(1) 1899(1) 3293(1) 16(1) 
C(7) 4670(1) 1966(1) 3587(1) 16(1) 
C(8) 4225(1) 894(1) 3609(1) 21(1) 
C(9) 4945(2) -190(1) 3343(1) 25(1) 
C(10) 6147(2) -238(1) 3056(1) 26(1) 
C(11) 6623(1) 800(1) 3032(1) 21(1) 
C(12) 3655(1) 4305(1) 3351(1) 14(1) 
C(13) 3677(1) 4205(1) 2654(1) 15(1) 
C(14) 3759(1) 5199(1) 2254(1) 19(1) 
C(15) 3807(1) 6317(1) 2514(1) 20(1) 
C(16) 3728(1) 6426(1) 3201(1) 20(1) 
C(17) 3641(1) 5458(1) 3617(1) 16(1) 
C(18) 3508(1) 3067(1) 2330(1) 20(1) 
C(19) 3900(2) 7381(1) 2071(1) 30(1) 
C(20) 3524(1) 5674(1) 4359(1) 23(1) 
C(21) 2707(1) 3099(1) 4433(1) 15(1) 
C(22) 3050(1) 2541(1) 5031(1) 19(1) 
C(23) 2147(1) 2413(1) 5551(1) 23(1) 
C(24) 896(1) 2791(1) 5503(1) 24(1) 
C(25) 552(1) 3356(1) 4924(1) 23(1) 
C(26) 1421(1) 3531(1) 4397(1) 18(1) 
C(27) 4378(1) 2090(2) 5155(1) 28(1) 
C(28) -53(2) 2545(2) 6053(1) 34(1) 
C(29) 931(1) 4151(2) 3793(1) 26(1) 
C(30) 8029(2) 7005(1) 1978(1) 27(1) 
C(31) 10574(1) 5497(1) 2020(1) 26(1) 
C(32) 9394(1) 1275(1) 1475(1) 18(1) 
C(33) 12121(1) 624(1) 1745(1) 26(1) 
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C(34) 10354(2) -912(2) 2311(1) 33(1) 
C(35) 10159(2) 1601(2) 2875(1) 39(1) 
C(36) 6341(1) 2698(1) 1233(1) 19(1) 
C(37) 5869(2) 118(1) 1386(1) 31(1) 
C(38) 4681(2) 1770(2) 352(1) 31(1) 
C(39) 7407(2) 633(2) 157(1) 34(1) 
C(40) 9011(1) 4847(1) 934(1) 15(1) 
C(41) 9869(1) 3805(1) 637(1) 17(1) 
C(42) 9278(1) 3259(1) 182(1) 21(1) 
C(43) 8048(1) 3947(1) 189(1) 22(1) 
C(44) 7878(1) 4903(1) 657(1) 19(1) 
C(45) 11200(1) 3381(1) 740(1) 22(1) 
C(46) 9915(2) 2232(2) -285(1) 31(1) 
C(47) 7144(2) 3810(2) -284(1) 34(1) 
C(48) 6677(1) 5807(1) 839(1) 29(1) 
O(1X) 0 10000 5000 35(1) 
C(1X) 1224(3) 9960(3) 4648(2) 35(1) 
C(2X) 2162(7) 9257(9) 5089(4) 42(2) 
C(1X1) 928(3) 9332(3) 5351(2) 40(1) 
C(2X1) 2145(7) 9321(10) 4895(4) 51(2) 
 
Table S10.3 Bond lengths [Å] and angles [º] for Zr-2(CH2SiMe3)2. 
Zr(1)-N(1) 2.1323(11) C(26)-C(29) 1.507(2) 
Zr(1)-C(32) 2.2430(13) C(27)-H(27A) 0.98 
Zr(1)-C(36) 2.2550(14) C(27)-H(27B) 0.98 
Zr(1)-C(40) 2.4668(13) C(27)-H(27C) 0.98 
Zr(1)-C(44) 2.4805(13) C(28)-H(28A) 0.98 
Zr(1)-C(41) 2.5247(13) C(28)-H(28B) 0.98 
Zr(1)-C(43) 2.5996(13) C(28)-H(28C) 0.98 
Zr(1)-C(42) 2.6118(13) C(29)-H(29A) 0.98 
Zr(1)-Si(1) 3.1512(4) C(29)-H(29B) 0.98 
Si(1)-N(1) 1.7222(12) C(29)-H(29C) 0.98 
Si(1)-C(31) 1.8619(15) C(30)-H(30A) 0.98 
Si(1)-C(30) 1.8693(14) C(30)-H(30B) 0.98 
Si(1)-C(40) 1.8712(13) C(30)-H(30C) 0.98 
N(1)-C(1) 1.3619(16) C(31)-H(31A) 0.98 
C(1)-N(2) 1.3520(17) C(31)-H(31B) 0.98 
C(1)-C(5) 1.4070(17) C(31)-H(31C) 0.98 
B(1)-C(12) 1.5774(19) C(32)-H(32A) 0.99 
B(1)-C(21) 1.5801(19) C(32)-H(32B) 0.99 
B(1)-C(7) 1.5804(19) C(33)-H(33A) 0.98 
Si(2)-C(32) 1.8652(14) C(33)-H(33B) 0.98 
Si(2)-C(35) 1.8670(16) C(33)-H(33C) 0.98 
Si(2)-C(33) 1.8695(15) C(34)-H(34A) 0.98 
Si(2)-C(34) 1.8768(16) C(34)-H(34B) 0.98 
N(2)-C(2) 1.3498(16) C(34)-H(34C) 0.98 
C(2)-C(3) 1.3920(17) C(35)-H(35A) 0.98 
C(2)-C(6) 1.4843(18) C(35)-H(35B) 0.98 
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Si(3)-C(36) 1.8649(14) C(35)-H(35C) 0.98 
Si(3)-C(37) 1.8696(16) C(36)-H(36A) 0.99 
Si(3)-C(38) 1.8723(16) C(36)-H(36B) 0.99 
Si(3)-C(39) 1.8752(16) C(37)-H(37A) 0.98 
C(3)-C(4) 1.387(2) C(37)-H(37B) 0.98 
C(3)-H(3) 0.95 C(37)-H(37C) 0.98 
C(4)-C(5) 1.3748(19) C(38)-H(38A) 0.98 
C(4)-H(4) 0.95 C(38)-H(38B) 0.98 
C(5)-H(5) 0.95 C(38)-H(38C) 0.98 
C(6)-C(11) 1.3972(18) C(39)-H(39A) 0.98 
C(6)-C(7) 1.4170(18) C(39)-H(39B) 0.98 
C(7)-C(8) 1.4043(19) C(39)-H(39C) 0.98 
C(8)-C(9) 1.388(2) C(40)-C(44) 1.4333(19) 
C(8)-H(8) 0.95 C(40)-C(41) 1.4349(17) 
C(9)-C(10) 1.384(2) C(41)-C(42) 1.4157(19) 
C(9)-H(9) 0.95 C(41)-C(45) 1.4980(19) 
C(10)-C(11) 1.388(2) C(42)-C(43) 1.422(2) 
C(10)-H(10) 0.95 C(42)-C(46) 1.5023(19) 
C(11)-H(11) 0.95 C(43)-C(44) 1.412(2) 
C(12)-C(17) 1.4143(17) C(43)-C(47) 1.506(2) 
C(12)-C(13) 1.4149(17) C(44)-C(48) 1.508(2) 
C(13)-C(14) 1.3923(19) C(45)-H(45A) 0.98 
C(13)-C(18) 1.5104(18) C(45)-H(45B) 0.98 
C(14)-C(15) 1.390(2) C(45)-H(45C) 0.98 
C(14)-H(14) 0.95 C(46)-H(46A) 0.98 
C(15)-C(16) 1.391(2) C(46)-H(46B) 0.98 
C(15)-C(19) 1.508(2) C(46)-H(46C) 0.98 
C(16)-C(17) 1.3879(19) C(47)-H(47A) 0.98 
C(16)-H(16) 0.95 C(47)-H(47B) 0.98 
C(17)-C(20) 1.5111(18) C(47)-H(47C) 0.98 
C(18)-H(18A) 0.98 C(48)-H(48A) 0.98 
C(18)-H(18B) 0.98 C(48)-H(48B) 0.98 
C(18)-H(18C) 0.98 C(48)-H(48C) 0.98 
C(19)-H(19A) 0.98 O(1X)-C(1X1) 1.407(4) 
C(19)-H(19B) 0.98 O(1X)-C(1X1)#1 1.407(4) 
C(19)-H(19C) 0.98 O(1X)-C(1X) 1.452(3) 
C(20)-H(20A) 0.98 O(1X)-C(1X)#1 1.452(3) 
C(20)-H(20B) 0.98 C(1X)-C(2X) 1.542(6) 
C(20)-H(20C) 0.98 C(1X)-H(1X1) 0.99 
C(21)-C(22) 1.4172(18) C(1X)-H(1X2) 0.99 
C(21)-C(26) 1.4211(19) C(2X)-H(2X1) 0.98 
C(22)-C(23) 1.3946(19) C(2X)-H(2X2) 0.98 
C(22)-C(27) 1.510(2) C(2X)-H(2X3) 0.98 
C(23)-C(24) 1.384(2) C(1X1)-C(2X1) 1.544(7) 
C(23)-H(23) 0.95 C(1X1)-H(1X3) 0.99 
C(24)-C(25) 1.385(2) C(1X1)-H(1X4) 0.99 
C(24)-C(28) 1.507(2) C(2X1)-H(2X4) 0.98 
C(25)-C(26) 1.3948(19) C(2X1)-H(2X5) 0.98 
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C(25)-H(25) 0.95 C(2X1)-H(2X6) 0.98 
    
N(1)-Zr(1)-C(32) 111.58(5) H(27A)-C(27)-H(27B) 109.5 
N(1)-Zr(1)-C(36) 122.44(5) C(22)-C(27)-H(27C) 109.5 
C(32)-Zr(1)-C(36) 103.35(5) H(27A)-C(27)-H(27C) 109.5 
N(1)-Zr(1)-C(40) 67.41(4) H(27B)-C(27)-H(27C) 109.5 
C(32)-Zr(1)-C(40) 122.06(5) C(24)-C(28)-H(28A) 109.5 
C(36)-Zr(1)-C(40) 126.52(5) C(24)-C(28)-H(28B) 109.5 
N(1)-Zr(1)-C(44) 86.24(5) H(28A)-C(28)-H(28B) 109.5 
C(32)-Zr(1)-C(44) 142.36(5) C(24)-C(28)-H(28C) 109.5 
C(36)-Zr(1)-C(44) 92.95(5) H(28A)-C(28)-H(28C) 109.5 
C(40)-Zr(1)-C(44) 33.68(4) H(28B)-C(28)-H(28C) 109.5 
N(1)-Zr(1)-C(41) 89.61(4) C(26)-C(29)-H(29A) 109.5 
C(32)-Zr(1)-C(41) 91.39(5) C(26)-C(29)-H(29B) 109.5 
C(36)-Zr(1)-C(41) 134.42(5) H(29A)-C(29)-H(29B) 109.5 
C(40)-Zr(1)-C(41) 33.39(4) C(26)-C(29)-H(29C) 109.5 
C(44)-Zr(1)-C(41) 54.55(4) H(29A)-C(29)-H(29C) 109.5 
N(1)-Zr(1)-C(43) 117.64(5) H(29B)-C(29)-H(29C) 109.5 
C(32)-Zr(1)-C(43) 116.55(5) Si(1)-C(30)-H(30A) 109.5 
C(36)-Zr(1)-C(43) 81.95(5) Si(1)-C(30)-H(30B) 109.5 
C(40)-Zr(1)-C(43) 54.39(4) H(30A)-C(30)-H(30B) 109.5 
C(44)-Zr(1)-C(43) 32.18(5) Si(1)-C(30)-H(30C) 109.5 
C(41)-Zr(1)-C(43) 53.24(5) H(30A)-C(30)-H(30C) 109.5 
N(1)-Zr(1)-C(42) 119.76(4) H(30B)-C(30)-H(30C) 109.5 
C(32)-Zr(1)-C(42) 89.47(5) Si(1)-C(31)-H(31A) 109.5 
C(36)-Zr(1)-C(42) 104.34(5) Si(1)-C(31)-H(31B) 109.5 
C(40)-Zr(1)-C(42) 54.19(4) H(31A)-C(31)-H(31B) 109.5 
C(44)-Zr(1)-C(42) 53.38(5) Si(1)-C(31)-H(31C) 109.5 
C(41)-Zr(1)-C(42) 31.94(4) H(31A)-C(31)-H(31C) 109.5 
C(43)-Zr(1)-C(42) 31.67(5) H(31B)-C(31)-H(31C) 109.5 
N(1)-Zr(1)-Si(1) 31.07(3) Si(2)-C(32)-Zr(1) 130.85(7) 
C(32)-Zr(1)-Si(1) 120.76(4) Si(2)-C(32)-H(32A) 104.6 
C(36)-Zr(1)-Si(1) 134.05(4) Zr(1)-C(32)-H(32A) 104.6 
C(40)-Zr(1)-Si(1) 36.40(3) Si(2)-C(32)-H(32B) 104.6 
C(44)-Zr(1)-Si(1) 60.37(3) Zr(1)-C(32)-H(32B) 104.6 
C(41)-Zr(1)-Si(1) 61.21(3) H(32A)-C(32)-H(32B) 105.7 
C(43)-Zr(1)-Si(1) 88.92(3) Si(2)-C(33)-H(33A) 109.5 
C(42)-Zr(1)-Si(1) 89.23(3) Si(2)-C(33)-H(33B) 109.5 
N(1)-Si(1)-C(31) 114.93(7) H(33A)-C(33)-H(33B) 109.5 
N(1)-Si(1)-C(30) 112.88(6) Si(2)-C(33)-H(33C) 109.5 
C(31)-Si(1)-C(30) 106.51(7) H(33A)-C(33)-H(33C) 109.5 
N(1)-Si(1)-C(40) 91.10(6) H(33B)-C(33)-H(33C) 109.5 
C(31)-Si(1)-C(40) 115.40(6) Si(2)-C(34)-H(34A) 109.5 
C(30)-Si(1)-C(40) 115.83(7) Si(2)-C(34)-H(34B) 109.5 
N(1)-Si(1)-Zr(1) 39.71(4) H(34A)-C(34)-H(34B) 109.5 
C(31)-Si(1)-Zr(1) 124.93(5) Si(2)-C(34)-H(34C) 109.5 
C(30)-Si(1)-Zr(1) 127.78(5) H(34A)-C(34)-H(34C) 109.5 
C(40)-Si(1)-Zr(1) 51.47(4) H(34B)-C(34)-H(34C) 109.5 
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C(1)-N(1)-Si(1) 136.00(9) Si(2)-C(35)-H(35A) 109.5 
C(1)-N(1)-Zr(1) 113.15(9) Si(2)-C(35)-H(35B) 109.5 
Si(1)-N(1)-Zr(1) 109.22(5) H(35A)-C(35)-H(35B) 109.5 
N(2)-C(1)-N(1) 113.08(11) Si(2)-C(35)-H(35C) 109.5 
N(2)-C(1)-C(5) 122.44(12) H(35A)-C(35)-H(35C) 109.5 
N(1)-C(1)-C(5) 124.47(12) H(35B)-C(35)-H(35C) 109.5 
C(12)-B(1)-C(21) 124.08(11) Si(3)-C(36)-Zr(1) 126.57(7) 
C(12)-B(1)-C(7) 118.08(11) Si(3)-C(36)-H(36A) 105.7 
C(21)-B(1)-C(7) 117.52(11) Zr(1)-C(36)-H(36A) 105.7 
C(32)-Si(2)-C(35) 112.97(7) Si(3)-C(36)-H(36B) 105.7 
C(32)-Si(2)-C(33) 111.35(7) Zr(1)-C(36)-H(36B) 105.7 
C(35)-Si(2)-C(33) 107.26(8) H(36A)-C(36)-H(36B) 106.1 
C(32)-Si(2)-C(34) 109.61(7) Si(3)-C(37)-H(37A) 109.5 
C(35)-Si(2)-C(34) 108.22(9) Si(3)-C(37)-H(37B) 109.5 
C(33)-Si(2)-C(34) 107.21(7) H(37A)-C(37)-H(37B) 109.5 
C(2)-N(2)-C(1) 118.46(10) Si(3)-C(37)-H(37C) 109.5 
N(2)-C(2)-C(3) 121.69(12) H(37A)-C(37)-H(37C) 109.5 
N(2)-C(2)-C(6) 118.33(11) H(37B)-C(37)-H(37C) 109.5 
C(3)-C(2)-C(6) 119.93(11) Si(3)-C(38)-H(38A) 109.5 
C(36)-Si(3)-C(37) 111.29(7) Si(3)-C(38)-H(38B) 109.5 
C(36)-Si(3)-C(38) 110.31(7) H(38A)-C(38)-H(38B) 109.5 
C(37)-Si(3)-C(38) 107.98(8) Si(3)-C(38)-H(38C) 109.5 
C(36)-Si(3)-C(39) 114.77(7) H(38A)-C(38)-H(38C) 109.5 
C(37)-Si(3)-C(39) 105.08(8) H(38B)-C(38)-H(38C) 109.5 
C(38)-Si(3)-C(39) 107.05(8) Si(3)-C(39)-H(39A) 109.5 
C(4)-C(3)-C(2) 119.55(12) Si(3)-C(39)-H(39B) 109.5 
C(4)-C(3)-H(3) 120.2 H(39A)-C(39)-H(39B) 109.5 
C(2)-C(3)-H(3) 120.2 Si(3)-C(39)-H(39C) 109.5 
C(5)-C(4)-C(3) 119.49(12) H(39A)-C(39)-H(39C) 109.5 
C(5)-C(4)-H(4) 120.3 H(39B)-C(39)-H(39C) 109.5 
C(3)-C(4)-H(4) 120.3 C(44)-C(40)-C(41) 106.22(11) 
C(4)-C(5)-C(1) 118.34(13) C(44)-C(40)-Si(1) 121.44(9) 
C(4)-C(5)-H(5) 120.8 C(41)-C(40)-Si(1) 125.02(10) 
C(1)-C(5)-H(5) 120.8 C(44)-C(40)-Zr(1) 73.68(8) 
C(11)-C(6)-C(7) 120.04(12) C(41)-C(40)-Zr(1) 75.52(7) 
C(11)-C(6)-C(2) 118.08(12) Si(1)-C(40)-Zr(1) 92.13(5) 
C(7)-C(6)-C(2) 121.72(11) C(42)-C(41)-C(40) 108.74(12) 
C(8)-C(7)-C(6) 117.44(12) C(42)-C(41)-C(45) 123.97(12) 
C(8)-C(7)-B(1) 116.14(12) C(40)-C(41)-C(45) 127.17(12) 
C(6)-C(7)-B(1) 125.90(12) C(42)-C(41)-Zr(1) 77.42(8) 
C(9)-C(8)-C(7) 121.92(13) C(40)-C(41)-Zr(1) 71.09(7) 
C(9)-C(8)-H(8) 119 C(45)-C(41)-Zr(1) 120.91(9) 
C(7)-C(8)-H(8) 119 C(41)-C(42)-C(43) 108.10(12) 
C(10)-C(9)-C(8) 119.90(14) C(41)-C(42)-C(46) 124.68(14) 
C(10)-C(9)-H(9) 120.1 C(43)-C(42)-C(46) 126.77(13) 
C(8)-C(9)-H(9) 120.1 C(41)-C(42)-Zr(1) 70.64(7) 
C(9)-C(10)-C(11) 119.75(13) C(43)-C(42)-Zr(1) 73.69(8) 
C(9)-C(10)-H(10) 120.1 C(46)-C(42)-Zr(1) 127.38(10) 
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C(11)-C(10)-H(10) 120.1 C(44)-C(43)-C(42) 107.82(12) 
C(10)-C(11)-C(6) 120.94(13) C(44)-C(43)-C(47) 125.08(14) 
C(10)-C(11)-H(11) 119.5 C(42)-C(43)-C(47) 126.52(14) 
C(6)-C(11)-H(11) 119.5 C(44)-C(43)-Zr(1) 69.26(8) 
C(17)-C(12)-C(13) 117.47(12) C(42)-C(43)-Zr(1) 74.64(8) 
C(17)-C(12)-B(1) 121.46(11) C(47)-C(43)-Zr(1) 128.43(10) 
C(13)-C(12)-B(1) 121.04(11) C(43)-C(44)-C(40) 109.11(12) 
C(14)-C(13)-C(12) 120.08(12) C(43)-C(44)-C(48) 124.59(13) 
C(14)-C(13)-C(18) 118.09(11) C(40)-C(44)-C(48) 126.29(13) 
C(12)-C(13)-C(18) 121.64(12) C(43)-C(44)-Zr(1) 78.56(8) 
C(15)-C(14)-C(13) 122.33(12) C(40)-C(44)-Zr(1) 72.64(7) 
C(15)-C(14)-H(14) 118.8 C(48)-C(44)-Zr(1) 114.24(10) 
C(13)-C(14)-H(14) 118.8 C(41)-C(45)-H(45A) 109.5 
C(14)-C(15)-C(16) 117.37(12) C(41)-C(45)-H(45B) 109.5 
C(14)-C(15)-C(19) 121.44(13) H(45A)-C(45)-H(45B) 109.5 
C(16)-C(15)-C(19) 121.16(13) C(41)-C(45)-H(45C) 109.5 
C(17)-C(16)-C(15) 122.02(12) H(45A)-C(45)-H(45C) 109.5 
C(17)-C(16)-H(16) 119 H(45B)-C(45)-H(45C) 109.5 
C(15)-C(16)-H(16) 119 C(42)-C(46)-H(46A) 109.5 
C(16)-C(17)-C(12) 120.57(12) C(42)-C(46)-H(46B) 109.5 
C(16)-C(17)-C(20) 118.17(12) H(46A)-C(46)-H(46B) 109.5 
C(12)-C(17)-C(20) 121.26(12) C(42)-C(46)-H(46C) 109.5 
C(13)-C(18)-H(18A) 109.5 H(46A)-C(46)-H(46C) 109.5 
C(13)-C(18)-H(18B) 109.5 H(46B)-C(46)-H(46C) 109.5 
H(18A)-C(18)-H(18B) 109.5 C(43)-C(47)-H(47A) 109.5 
C(13)-C(18)-H(18C) 109.5 C(43)-C(47)-H(47B) 109.5 
H(18A)-C(18)-H(18C) 109.5 H(47A)-C(47)-H(47B) 109.5 
H(18B)-C(18)-H(18C) 109.5 C(43)-C(47)-H(47C) 109.5 
C(15)-C(19)-H(19A) 109.5 H(47A)-C(47)-H(47C) 109.5 
C(15)-C(19)-H(19B) 109.5 H(47B)-C(47)-H(47C) 109.5 
H(19A)-C(19)-H(19B) 109.5 C(44)-C(48)-H(48A) 109.5 
C(15)-C(19)-H(19C) 109.5 C(44)-C(48)-H(48B) 109.5 
H(19A)-C(19)-H(19C) 109.5 H(48A)-C(48)-H(48B) 109.5 
H(19B)-C(19)-H(19C) 109.5 C(44)-C(48)-H(48C) 109.5 
C(17)-C(20)-H(20A) 109.5 H(48A)-C(48)-H(48C) 109.5 
C(17)-C(20)-H(20B) 109.5 H(48B)-C(48)-H(48C) 109.5 
H(20A)-C(20)-H(20B) 109.5 C(1X1)-O(1X)-C(1X1)# 1 180.0(3) 
C(17)-C(20)-H(20C) 109.5 C(1X1)-O(1X)-C(1X) 68.7(2) 
H(20A)-C(20)-H(20C) 109.5 C(1X1)#1-O(1X)-C(1X) 111.3(2) 
H(20B)-C(20)-H(20C) 109.5 C(1X1)-O(1X)-C(1X)#1 111.3(2) 
C(22)-C(21)-C(26) 117.13(12) C(1X1)#1-O(1X)-C(1X) #1 68.7(2) 
C(22)-C(21)-B(1) 122.25(12) C(1X)-O(1X)-C(1X)#1 179.998(2) 
C(26)-C(21)-B(1) 120.48(11) O(1X)-C(1X)-C(2X) 106.8(4) 
C(23)-C(22)-C(21) 120.41(13) O(1X)-C(1X)-H(1X1) 110.4 
C(23)-C(22)-C(27) 116.31(12) C(2X)-C(1X)-H(1X1) 110.4 
C(21)-C(22)-C(27) 123.26(12) O(1X)-C(1X)-H(1X2) 110.4 
C(24)-C(23)-C(22) 122.16(14) C(2X)-C(1X)-H(1X2) 110.4 
C(24)-C(23)-H(23) 118.9 H(1X1)-C(1X)-H(1X2) 108.6 
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C(22)-C(23)-H(23) 118.9 O(1X)-C(1X1)-C(2X1) 104.4(4) 
C(23)-C(24)-C(25) 117.77(13) O(1X)-C(1X1)-H(1X3) 110.9 
C(23)-C(24)-C(28) 120.62(15) C(2X1)-C(1X1)-H(1X3) 110.9 
C(25)-C(24)-C(28) 121.56(15) O(1X)-C(1X1)-H(1X4) 110.9 
C(24)-C(25)-C(26) 122.13(14) C(2X1)-C(1X1)-H(1X4) 110.9 
C(24)-C(25)-H(25) 118.9 H(1X3)-C(1X1)-H(1X4) 108.9 
C(26)-C(25)-H(25) 118.9 C(1X1)-C(2X1)-H(2X4) 109.5 
C(25)-C(26)-C(21) 120.31(13) C(1X1)-C(2X1)-H(2X5) 109.5 
C(25)-C(26)-C(29) 117.08(13) H(2X4)-C(2X1)-H(2X5) 109.5 
C(21)-C(26)-C(29) 122.58(12) C(1X1)-C(2X1)-H(2X6) 109.5 
C(22)-C(27)-H(27A) 109.5 H(2X4)-C(2X1)-H(2X6) 109.5 
C(22)-C(27)-H(27B) 109.5 H(2X5)-C(2X1)-H(2X6) 109.5 
 
Table S10.4 Anisotropic displacement parameters (Å2×103) for Zr-2(CH2SiMe3)2. The 
anisotropic displacement factor exponent takes the form: -2 pi2[h2 a*2 U11 + ... + 2 h k 
a* b* U12]. 
 U11 U22 U33 U23 U13 U12 
Zr(1) 13(1) 13(1) 14(1) 1(1) -2(1) -3(1) 
Si(1) 15(1) 13(1) 17(1) -1(1) 1(1) -3(1) 
N(1) 22(1) 17(1) 15(1) -1(1) 4(1) -6(1) 
C(1) 13(1) 16(1) 14(1) 0(1) 0(1) -1(1) 
B(1) 13(1) 15(1) 15(1) 0(1) -3(1) -5(1) 
Si(2) 17(1) 15(1) 20(1) 1(1) -4(1) -2(1) 
N(2) 13(1) 15(1) 13(1) 0(1) -1(1) -1(1) 
C(2) 11(1) 16(1) 14(1) 2(1) -2(1) 0(1) 
Si(3) 17(1) 19(1) 18(1) 0(1) -5(1) -6(1) 
C(3) 19(1) 25(1) 13(1) -1(1) 2(1) -5(1) 
C(4) 21(1) 26(1) 15(1) -6(1) -1(1) -6(1) 
C(5) 18(1) 19(1) 18(1) -4(1) -1(1) -5(1) 
C(6) 18(1) 15(1) 14(1) 2(1) -2(1) -1(1) 
C(7) 17(1) 15(1) 16(1) 3(1) -1(1) -4(1) 
C(8) 24(1) 17(1) 23(1) 4(1) 0(1) -7(1) 
C(9) 36(1) 14(1) 24(1) 3(1) -1(1) -8(1) 
C(10) 36(1) 14(1) 23(1) 0(1) 2(1) 1(1) 
C(11) 22(1) 18(1) 20(1) 2(1) 2(1) 1(1) 
C(12) 12(1) 14(1) 15(1) 1(1) -1(1) -3(1) 
C(13) 12(1) 17(1) 16(1) -1(1) -1(1) -2(1) 
C(14) 15(1) 23(1) 17(1) 4(1) -3(1) -2(1) 
C(15) 15(1) 18(1) 25(1) 7(1) -2(1) -2(1) 
C(16) 21(1) 14(1) 25(1) -1(1) -2(1) -4(1) 
C(17) 15(1) 16(1) 18(1) -1(1) -2(1) -4(1) 
C(18) 22(1) 22(1) 17(1) -4(1) -2(1) -7(1) 
C(19) 31(1) 22(1) 34(1) 12(1) 1(1) -2(1) 
C(20) 30(1) 20(1) 18(1) -5(1) -2(1) -6(1) 
C(21) 15(1) 16(1) 16(1) 0(1) -1(1) -5(1) 
C(22) 20(1) 22(1) 17(1) 3(1) -2(1) -9(1) 
C(23) 27(1) 26(1) 16(1) 3(1) 1(1) -10(1) 
C(24) 26(1) 23(1) 22(1) -4(1) 8(1) -11(1) 
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C(25) 17(1) 22(1) 27(1) -3(1) 4(1) -4(1) 
C(26) 17(1) 18(1) 20(1) -2(1) 0(1) -4(1) 
C(27) 23(1) 42(1) 21(1) 11(1) -7(1) -8(1) 
C(28) 33(1) 36(1) 31(1) 0(1) 15(1) -11(1) 
C(29) 15(1) 35(1) 26(1) 5(1) -4(1) -3(1) 
C(30) 27(1) 17(1) 34(1) -5(1) 3(1) -1(1) 
C(31) 22(1) 29(1) 27(1) -4(1) -6(1) -7(1) 
C(32) 18(1) 16(1) 20(1) 0(1) -3(1) -5(1) 
C(33) 20(1) 24(1) 34(1) 8(1) -6(1) -6(1) 
C(34) 28(1) 27(1) 47(1) 17(1) -8(1) -9(1) 
C(35) 35(1) 48(1) 29(1) -12(1) -15(1) 11(1) 
C(36) 17(1) 20(1) 21(1) -2(1) -3(1) -4(1) 
C(37) 45(1) 22(1) 27(1) 4(1) -9(1) -8(1) 
C(38) 31(1) 30(1) 38(1) 3(1) -20(1) -9(1) 
C(39) 29(1) 39(1) 36(1) -17(1) 3(1) -13(1) 
C(40) 16(1) 13(1) 16(1) 3(1) -1(1) -3(1) 
C(41) 17(1) 18(1) 14(1) 2(1) 2(1) -5(1) 
C(42) 28(1) 22(1) 13(1) 1(1) 1(1) -9(1) 
C(43) 28(1) 25(1) 17(1) 7(1) -9(1) -11(1) 
C(44) 19(1) 19(1) 21(1) 7(1) -6(1) -4(1) 
C(45) 16(1) 20(1) 28(1) 2(1) 5(1) -3(1) 
C(46) 39(1) 33(1) 19(1) -9(1) 8(1) -13(1) 
C(47) 44(1) 41(1) 26(1) 10(1) -19(1) -19(1) 
C(48) 20(1) 22(1) 44(1) 8(1) -11(1) -1(1) 
O(1X) 28(1) 30(1) 44(1) 2(1) 2(1) -3(1) 
C(1X) 23(2) 31(2) 50(2) -8(2) 1(1) -4(1) 
C(2X) 34(3) 30(2) 57(4) 2(3) -15(2) 5(2) 
C(1X1) 29(2) 27(2) 64(3) 1(2) -2(2) -6(1) 
C(2X1) 34(3) 51(4) 68(5) -9(3) 7(3) -16(3) 
 
Table S10.5 Hydrogen coordinates (×104) and isotropic displacement parameters (Å2 
×103) for Zr-2(CH2SiMe3)2.  
 x y z U(eq) 
H(3) 5918 3427 4272 23 
H(4) 6889 5068 4276 25 
H(5) 8027 5546 3300 22 
H(8) 3406 912 3811 25 
H(9) 4614 -897 3359 30 
H(10) 6644 -979 2875 31 
H(11) 7449 763 2836 25 
H(14) 3784 5111 1787 22 
H(16) 3734 7187 3392 24 
H(18A) 3405 3219 1862 29 
H(18B) 2772 2825 2557 29 
H(18C) 4238 2417 2362 29 
H(19A) 3169 8033 2183 44 
H(19B) 3945 7132 1606 44 
H(19C) 4646 7669 2136 44 
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H(20A) 3508 6526 4448 34 
H(20B) 4232 5162 4539 34 
H(20C) 2756 5472 4570 34 
H(23) 2400 2055 5952 27 
H(25) -303 3634 4886 27 
H(27A) 4668 2738 5361 42 
H(27B) 4894 1843 4732 42 
H(27C) 4435 1396 5452 42 
H(28A) -878 2979 5968 51 
H(28B) 131 2821 6478 51 
H(28C) -27 1674 6070 51 
H(29A) 24 4317 3857 39 
H(29B) 1241 3625 3401 39 
H(29C) 1208 4914 3728 39 
H(30A) 7156 6971 1988 41 
H(30B) 8240 7567 1634 41 
H(30C) 8172 7283 2411 41 
H(31A) 10480 5917 2449 39 
H(31B) 11013 5925 1679 39 
H(31C) 11049 4667 2054 39 
H(32A) 8824 713 1493 22 
H(32B) 9910 1122 1038 22 
H(33A) 12334 105 1345 38 
H(33B) 12667 296 2077 38 
H(33C) 12222 1443 1629 38 
H(34A) 9507 -915 2508 50 
H(34B) 10931 -1228 2631 50 
H(34C) 10560 -1422 1909 50 
H(35A) 10194 2442 2770 59 
H(35B) 10783 1275 3169 59 
H(35C) 9335 1573 3098 59 
H(36A) 5882 2699 1683 23 
H(36B) 5897 3411 1006 23 
H(37A) 6625 -164 1595 46 
H(37B) 5689 -557 1145 46 
H(37C) 5176 428 1729 46 
H(38A) 3972 2157 668 47 
H(38B) 4509 1039 164 47 
H(38C) 4823 2332 -5 47 
H(39A) 7466 1177 -219 51 
H(39B) 7261 -134 2 51 
H(39C) 8181 481 358 51 
H(45A) 11498 2544 579 33 
H(45B) 11280 3422 1215 33 
H(45C) 11694 3900 495 33 
H(46A) 10593 2472 -572 46 
H(46B) 9320 2031 -559 46 
H(46C) 10247 1524 -28 46 
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H(47A) 6350 3759 -31 51 
H(47B) 7469 3071 -553 51 
H(47C) 7024 4512 -576 51 
H(48A) 6049 5637 577 43 
H(48B) 6803 6626 745 43 
H(48C) 6398 5746 1313 43 
H(1X1) 1359 10789 4573 42 
H(1X2) 1316 9545 4212 42 
H(2X1) 2089 9699 5510 63 
H(2X2) 3002 9172 4859 63 
H(2X3) 1990 8453 5179 63 
H(1X3) 806 8499 5430 49 
H(1X4) 930 9727 5784 49 
H(2X4) 2122 8930 4470 77 
H(2X5) 2845 8872 5108 77 
H(2X6) 2241 10154 4818 77 
 
Table S10.6 Torsion angles [º] for Zr-2(CH2SiMe3)2.  
C(32)-Zr(1)-Si(1)-N(1) -80.88(8) C(30)-Si(1)-C(40)-Zr(1) -118.99(6) 
C(36)-Zr(1)-Si(1)-N(1) 80.83(8) N(1)-Zr(1)-C(40)-C(44) -119.75(8) 
C(40)-Zr(1)-Si(1)-N(1) 175.60(8) C(32)-Zr(1)-C(40)-C(44) 138.16(8) 
C(44)-Zr(1)-Si(1)-N(1) 142.93(7) C(36)-Zr(1)-C(40)-C(44) -5.24(9) 
C(41)-Zr(1)-Si(1)-N(1) -153.74(7) C(41)-Zr(1)-C(40)-C(44) 112.10(11) 
C(43)-Zr(1)-Si(1)-N(1) 158.52(7) C(43)-Zr(1)-C(40)-C(44) 36.62(8) 
C(42)-Zr(1)-Si(1)-N(1) -169.81(7) C(42)-Zr(1)-C(40)-C(44) 75.89(8) 
N(1)-Zr(1)-Si(1)-C(31) 87.93(9) Si(1)-Zr(1)-C(40)-C(44) -122.21(9) 
C(32)-Zr(1)-Si(1)-C(31) 7.05(7) N(1)-Zr(1)-C(40)-C(41) 128.16(9) 
C(36)-Zr(1)-Si(1)-C(31) 168.76(8) C(32)-Zr(1)-C(40)-C(41) 26.07(9) 
C(40)-Zr(1)-Si(1)-C(31) -96.47(8) C(36)-Zr(1)-C(40)-C(41) -117.34(8) 
C(44)-Zr(1)-Si(1)-C(31) -129.14(7) C(44)-Zr(1)-C(40)-C(41) -112.10(11) 
C(41)-Zr(1)-Si(1)-C(31) -65.81(7) C(43)-Zr(1)-C(40)-C(41) -75.47(8) 
C(43)-Zr(1)-Si(1)-C(31) -113.54(7) C(42)-Zr(1)-C(40)-C(41) -36.21(8) 
C(42)-Zr(1)-Si(1)-C(31) -81.87(7) Si(1)-Zr(1)-C(40)-C(41) 125.70(10) 
N(1)-Zr(1)-Si(1)-C(30) -80.59(9) N(1)-Zr(1)-C(40)-Si(1) 2.46(5) 
C(32)-Zr(1)-Si(1)-C(30) -161.47(8) C(32)-Zr(1)-C(40)-Si(1) -99.63(6) 
C(36)-Zr(1)-Si(1)-C(30) 0.24(9) C(36)-Zr(1)-C(40)-Si(1) 116.97(6) 
C(40)-Zr(1)-Si(1)-C(30) 95.01(8) C(44)-Zr(1)-C(40)-Si(1) 122.21(9) 
C(44)-Zr(1)-Si(1)-C(30) 62.34(8) C(41)-Zr(1)-C(40)-Si(1) -125.70(10) 
C(41)-Zr(1)-Si(1)-C(30) 125.67(8) C(43)-Zr(1)-C(40)-Si(1) 158.83(7) 
C(43)-Zr(1)-Si(1)-C(30) 77.94(7) C(42)-Zr(1)-C(40)-Si(1) -161.90(7) 
C(42)-Zr(1)-Si(1)-C(30) 109.61(7) C(44)-C(40)-C(41)-C(42) 1.11(14) 
N(1)-Zr(1)-Si(1)-C(40) -175.60(8) Si(1)-C(40)-C(41)-C(42) 151.24(10) 
C(32)-Zr(1)-Si(1)-C(40) 103.52(6) Zr(1)-C(40)-C(41)-C(42) 68.95(9) 
C(36)-Zr(1)-Si(1)-C(40) -94.77(7) C(44)-C(40)-C(41)-C(45) 177.22(13) 
C(44)-Zr(1)-Si(1)-C(40) -32.67(6) Si(1)-C(40)-C(41)-C(45) -32.65(19) 
C(41)-Zr(1)-Si(1)-C(40) 30.66(6) Zr(1)-C(40)-C(41)-C(45) -114.94(13) 
C(43)-Zr(1)-Si(1)-C(40) -17.08(6) C(44)-C(40)-C(41)-Zr(1) -67.83(9) 
C(42)-Zr(1)-Si(1)-C(40) 14.59(6) Si(1)-C(40)-C(41)-Zr(1) 82.30(9) 
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C(31)-Si(1)-N(1)-C(1) 80.85(15) N(1)-Zr(1)-C(41)-C(42) -161.66(8) 
C(30)-Si(1)-N(1)-C(1) -41.59(16) C(32)-Zr(1)-C(41)-C(42) 86.76(9) 
C(40)-Si(1)-N(1)-C(1) -160.34(14) C(36)-Zr(1)-C(41)-C(42) -23.55(11) 
Zr(1)-Si(1)-N(1)-C(1) -163.78(18) C(40)-Zr(1)-C(41)-C(42) -115.11(12) 
C(31)-Si(1)-N(1)-Zr(1) -115.37(7) C(44)-Zr(1)-C(41)-C(42) -76.00(9) 
C(30)-Si(1)-N(1)-Zr(1) 122.20(7) C(43)-Zr(1)-C(41)-C(42) -35.91(8) 
C(40)-Si(1)-N(1)-Zr(1) 3.44(6) Si(1)-Zr(1)-C(41)-C(42) -148.46(9) 
C(32)-Zr(1)-N(1)-C(1) -78.02(10) N(1)-Zr(1)-C(41)-C(40) -46.55(8) 
C(36)-Zr(1)-N(1)-C(1) 45.04(11) C(32)-Zr(1)-C(41)-C(40) -158.13(8) 
C(40)-Zr(1)-N(1)-C(1) 165.00(11) C(36)-Zr(1)-C(41)-C(40) 91.55(9) 
C(44)-Zr(1)-N(1)-C(1) 136.15(10) C(44)-Zr(1)-C(41)-C(40) 39.11(7) 
C(41)-Zr(1)-N(1)-C(1) -169.36(10) C(43)-Zr(1)-C(41)-C(40) 79.20(8) 
C(43)-Zr(1)-N(1)-C(1) 143.41(9) C(42)-Zr(1)-C(41)-C(40) 115.11(12) 
C(42)-Zr(1)-N(1)-C(1) 179.58(9) Si(1)-Zr(1)-C(41)-C(40) -33.36(6) 
Si(1)-Zr(1)-N(1)-C(1) 167.82(14) N(1)-Zr(1)-C(41)-C(45) 76.08(11) 
C(32)-Zr(1)-N(1)-Si(1) 114.16(6) C(32)-Zr(1)-C(41)-C(45) -35.49(11) 
C(36)-Zr(1)-N(1)-Si(1) -122.78(6) C(36)-Zr(1)-C(41)-C(45) -145.81(10) 
C(40)-Zr(1)-N(1)-Si(1) -2.83(5) C(40)-Zr(1)-C(41)-C(45) 122.63(14) 
C(44)-Zr(1)-N(1)-Si(1) -31.68(6) C(44)-Zr(1)-C(41)-C(45) 161.74(12) 
C(41)-Zr(1)-N(1)-Si(1) 22.82(6) C(43)-Zr(1)-C(41)-C(45) -158.17(12) 
C(43)-Zr(1)-N(1)-Si(1) -24.41(8) C(42)-Zr(1)-C(41)-C(45) -122.26(14) 
C(42)-Zr(1)-N(1)-Si(1) 11.76(8) Si(1)-Zr(1)-C(41)-C(45) 89.28(10) 
Si(1)-N(1)-C(1)-N(2) 167.03(11) C(40)-C(41)-C(42)-C(43) -0.11(15) 
Zr(1)-N(1)-C(1)-N(2) 3.70(14) C(45)-C(41)-C(42)-C(43) -176.37(12) 
Si(1)-N(1)-C(1)-C(5) -12.1(2) Zr(1)-C(41)-C(42)-C(43) 64.66(10) 
Zr(1)-N(1)-C(1)-C(5) -175.43(10) C(40)-C(41)-C(42)-C(46) 172.59(13) 
N(1)-C(1)-N(2)-C(2) -177.89(11) C(45)-C(41)-C(42)-C(46) -3.7(2) 
C(5)-C(1)-N(2)-C(2) 1.25(18) Zr(1)-C(41)-C(42)-C(46) -122.64(14) 
C(1)-N(2)-C(2)-C(3) -2.35(18) C(40)-C(41)-C(42)-Zr(1) -64.77(9) 
C(1)-N(2)-C(2)-C(6) -179.69(11) C(45)-C(41)-C(42)-Zr(1) 118.97(13) 
N(2)-C(2)-C(3)-C(4) 1.8(2) N(1)-Zr(1)-C(42)-C(41) 21.25(10) 
C(6)-C(2)-C(3)-C(4) 179.09(12) C(32)-Zr(1)-C(42)-C(41) -93.48(8) 
C(2)-C(3)-C(4)-C(5) -0.1(2) C(36)-Zr(1)-C(42)-C(41) 162.87(8) 
C(3)-C(4)-C(5)-C(1) -1.0(2) C(40)-Zr(1)-C(42)-C(41) 37.91(8) 
N(2)-C(1)-C(5)-C(4) 0.4(2) C(44)-Zr(1)-C(42)-C(41) 79.98(9) 
N(1)-C(1)-C(5)-C(4) 179.45(13) C(43)-Zr(1)-C(42)-C(41) 116.48(12) 
N(2)-C(2)-C(6)-C(11) 47.45(17) Si(1)-Zr(1)-C(42)-C(41) 27.29(8) 
C(3)-C(2)-C(6)-C(11) -129.93(14) N(1)-Zr(1)-C(42)-C(43) -95.23(9) 
N(2)-C(2)-C(6)-C(7) -137.25(12) C(32)-Zr(1)-C(42)-C(43) 150.04(9) 
C(3)-C(2)-C(6)-C(7) 45.37(18) C(36)-Zr(1)-C(42)-C(43) 46.39(9) 
C(11)-C(6)-C(7)-C(8) 0.73(19) C(40)-Zr(1)-C(42)-C(43) -78.57(9) 
C(2)-C(6)-C(7)-C(8) -174.48(12) C(44)-Zr(1)-C(42)-C(43) -36.49(8) 
C(11)-C(6)-C(7)-B(1) -170.64(12) C(41)-Zr(1)-C(42)-C(43) -116.48(12) 
C(2)-C(6)-C(7)-B(1) 14.15(19) Si(1)-Zr(1)-C(42)-C(43) -89.19(8) 
C(12)-B(1)-C(7)-C(8) -132.72(13) N(1)-Zr(1)-C(42)-C(46) 140.62(13) 
C(21)-B(1)-C(7)-C(8) 41.06(17) C(32)-Zr(1)-C(42)-C(46) 25.89(14) 
C(12)-B(1)-C(7)-C(6) 38.75(18) C(36)-Zr(1)-C(42)-C(46) -77.76(14) 
C(21)-B(1)-C(7)-C(6) -147.47(13) C(40)-Zr(1)-C(42)-C(46) 157.28(15) 
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C(6)-C(7)-C(8)-C(9) -1.3(2) C(44)-Zr(1)-C(42)-C(46) -160.65(15) 
B(1)-C(7)-C(8)-C(9) 170.93(13) C(41)-Zr(1)-C(42)-C(46) 119.37(17) 
C(7)-C(8)-C(9)-C(10) 1.1(2) C(43)-Zr(1)-C(42)-C(46) -124.15(17) 
C(8)-C(9)-C(10)-C(11) -0.3(2) Si(1)-Zr(1)-C(42)-C(46) 146.66(13) 
C(9)-C(10)-C(11)-C(6) -0.3(2) C(41)-C(42)-C(43)-C(44) -0.97(16) 
C(7)-C(6)-C(11)-C(10) 0.0(2) C(46)-C(42)-C(43)-C(44) -173.47(14) 
C(2)-C(6)-C(11)-C(10) 175.40(13) Zr(1)-C(42)-C(43)-C(44) 61.71(10) 
C(21)-B(1)-C(12)-C(17) 55.41(18) C(41)-C(42)-C(43)-C(47) 170.55(14) 
C(7)-B(1)-C(12)-C(17) -131.25(13) C(46)-C(42)-C(43)-C(47) -2.0(2) 
C(21)-B(1)-C(12)-C(13) -126.46(13) Zr(1)-C(42)-C(43)-C(47) -126.78(15) 
C(7)-B(1)-C(12)-C(13) 46.88(17) C(41)-C(42)-C(43)-Zr(1) -62.68(9) 
C(17)-C(12)-C(13)-C(14) 3.87(18) C(46)-C(42)-C(43)-Zr(1) 124.82(15) 
B(1)-C(12)-C(13)-C(14) -174.33(12) N(1)-Zr(1)-C(43)-C(44) -13.71(10) 
C(17)-C(12)-C(13)-C(18) -171.07(12) C(32)-Zr(1)-C(43)-C(44) -150.24(8) 
B(1)-C(12)-C(13)-C(18) 10.73(19) C(36)-Zr(1)-C(43)-C(44) 108.80(9) 
C(12)-C(13)-C(14)-C(15) -0.8(2) C(40)-Zr(1)-C(43)-C(44) -38.40(8) 
C(18)-C(13)-C(14)-C(15) 174.28(12) C(41)-Zr(1)-C(43)-C(44) -80.08(9) 
C(13)-C(14)-C(15)-C(16) -2.0(2) C(42)-Zr(1)-C(43)-C(44) -116.31(12) 
C(13)-C(14)-C(15)-C(19) 179.78(13) Si(1)-Zr(1)-C(43)-C(44) -26.03(8) 
C(14)-C(15)-C(16)-C(17) 1.8(2) N(1)-Zr(1)-C(43)-C(42) 102.60(9) 
C(19)-C(15)-C(16)-C(17) 179.98(13) C(32)-Zr(1)-C(43)-C(42) -33.93(10) 
C(15)-C(16)-C(17)-C(12) 1.3(2) C(36)-Zr(1)-C(43)-C(42) -134.89(9) 
C(15)-C(16)-C(17)-C(20) -178.33(13) C(40)-Zr(1)-C(43)-C(42) 77.91(9) 
C(13)-C(12)-C(17)-C(16) -4.12(19) C(44)-Zr(1)-C(43)-C(42) 116.31(12) 
B(1)-C(12)-C(17)-C(16) 174.07(12) C(41)-Zr(1)-C(43)-C(42) 36.23(8) 
C(13)-C(12)-C(17)-C(20) 175.53(12) Si(1)-Zr(1)-C(43)-C(42) 90.29(8) 
B(1)-C(12)-C(17)-C(20) -6.28(19) N(1)-Zr(1)-C(43)-C(47) -132.66(14) 
C(12)-B(1)-C(21)-C(22) -139.79(13) C(32)-Zr(1)-C(43)-C(47) 90.80(15) 
C(7)-B(1)-C(21)-C(22) 46.84(18) C(36)-Zr(1)-C(43)-C(47) -10.15(14) 
C(12)-B(1)-C(21)-C(26) 44.62(18) C(40)-Zr(1)-C(43)-C(47) -157.36(16) 
C(7)-B(1)-C(21)-C(26) -128.75(13) C(44)-Zr(1)-C(43)-C(47) -118.95(18) 
C(26)-C(21)-C(22)-C(23) 1.1(2) C(41)-Zr(1)-C(43)-C(47) 160.97(16) 
B(1)-C(21)-C(22)-C(23) -174.67(12) C(42)-Zr(1)-C(43)-C(47) 124.74(18) 
C(26)-C(21)-C(22)-C(27) -177.10(13) Si(1)-Zr(1)-C(43)-C(47) -144.98(14) 
B(1)-C(21)-C(22)-C(27) 7.2(2) C(42)-C(43)-C(44)-C(40) 1.68(16) 
C(21)-C(22)-C(23)-C(24) 1.6(2) C(47)-C(43)-C(44)-C(40) -169.98(14) 
C(27)-C(22)-C(23)-C(24) 179.87(14) Zr(1)-C(43)-C(44)-C(40) 66.90(9) 
C(22)-C(23)-C(24)-C(25) -2.6(2) C(42)-C(43)-C(44)-C(48) -176.89(13) 
C(22)-C(23)-C(24)-C(28) 174.87(14) C(47)-C(43)-C(44)-C(48) 11.4(2) 
C(23)-C(24)-C(25)-C(26) 1.0(2) Zr(1)-C(43)-C(44)-C(48) -111.67(14) 
C(28)-C(24)-C(25)-C(26) -176.44(14) C(42)-C(43)-C(44)-Zr(1) -65.22(10) 
C(24)-C(25)-C(26)-C(21) 1.6(2) C(47)-C(43)-C(44)-Zr(1) 123.11(14) 
C(24)-C(25)-C(26)-C(29) 179.66(14) C(41)-C(40)-C(44)-C(43) -1.72(15) 
C(22)-C(21)-C(26)-C(25) -2.59(19) Si(1)-C(40)-C(44)-C(43) -153.16(10) 
B(1)-C(21)-C(26)-C(25) 173.22(12) Zr(1)-C(40)-C(44)-C(43) -70.84(10) 
C(22)-C(21)-C(26)-C(29) 179.44(13) C(41)-C(40)-C(44)-C(48) 176.82(13) 
B(1)-C(21)-C(26)-C(29) -4.7(2) Si(1)-C(40)-C(44)-C(48) 25.38(19) 
C(35)-Si(2)-C(32)-Zr(1) 19.36(13) Zr(1)-C(40)-C(44)-C(48) 107.70(14) 
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C(33)-Si(2)-C(32)-Zr(1) -101.41(10) C(41)-C(40)-C(44)-Zr(1) 69.12(9) 
C(34)-Si(2)-C(32)-Zr(1) 140.13(10) Si(1)-C(40)-C(44)-Zr(1) -82.33(9) 
N(1)-Zr(1)-C(32)-Si(2) 0.84(11) N(1)-Zr(1)-C(44)-C(43) 167.85(9) 
C(36)-Zr(1)-C(32)-Si(2) -132.53(9) C(32)-Zr(1)-C(44)-C(43) 46.64(12) 
C(40)-Zr(1)-C(32)-Si(2) 76.97(10) C(36)-Zr(1)-C(44)-C(43) -69.81(9) 
C(44)-Zr(1)-C(32)-Si(2) 114.25(10) C(40)-Zr(1)-C(44)-C(43) 114.40(12) 
C(41)-Zr(1)-C(32)-Si(2) 90.97(9) C(41)-Zr(1)-C(44)-C(43) 75.65(9) 
C(43)-Zr(1)-C(32)-Si(2) 139.90(8) C(42)-Zr(1)-C(44)-C(43) 35.89(8) 
C(42)-Zr(1)-C(32)-Si(2) 122.86(9) Si(1)-Zr(1)-C(44)-C(43) 149.69(9) 
Si(1)-Zr(1)-C(32)-Si(2) 34.07(11) N(1)-Zr(1)-C(44)-C(40) 53.45(8) 
C(37)-Si(3)-C(36)-Zr(1) 94.14(10) C(32)-Zr(1)-C(44)-C(40) -67.77(11) 
C(38)-Si(3)-C(36)-Zr(1) -146.03(9) C(36)-Zr(1)-C(44)-C(40) 175.78(8) 
C(39)-Si(3)-C(36)-Zr(1) -25.03(12) C(41)-Zr(1)-C(44)-C(40) -38.75(7) 
N(1)-Zr(1)-C(36)-Si(3) -159.48(7) C(43)-Zr(1)-C(44)-C(40) -114.40(12) 
C(32)-Zr(1)-C(36)-Si(3) -32.70(10) C(42)-Zr(1)-C(44)-C(40) -78.51(8) 
C(40)-Zr(1)-C(36)-Si(3) 116.01(8) Si(1)-Zr(1)-C(44)-C(40) 35.28(6) 
C(44)-Zr(1)-C(36)-Si(3) 113.10(9) N(1)-Zr(1)-C(44)-C(48) -69.18(11) 
C(41)-Zr(1)-C(36)-Si(3) 72.81(11) C(32)-Zr(1)-C(44)-C(48) 169.60(10) 
C(43)-Zr(1)-C(36)-Si(3) 82.78(9) C(36)-Zr(1)-C(44)-C(48) 53.15(11) 
C(42)-Zr(1)-C(36)-Si(3) 60.21(9) C(40)-Zr(1)-C(44)-C(48) -122.63(14) 
Si(1)-Zr(1)-C(36)-Si(3) 163.39(5) C(41)-Zr(1)-C(44)-C(48) -161.38(12) 
N(1)-Si(1)-C(40)-C(44) 69.33(11) C(43)-Zr(1)-C(44)-C(48) 122.97(15) 
C(31)-Si(1)-C(40)-C(44) -172.26(11) C(42)-Zr(1)-C(44)-C(48) 158.86(13) 
C(30)-Si(1)-C(40)-C(44) -46.86(13) Si(1)-Zr(1)-C(44)-C(48) -87.35(10) 
Zr(1)-Si(1)-C(40)-C(44) 72.13(10) C(1X1)-O(1X)-C(1X)-C(2X) -2.3(5) 
N(1)-Si(1)-C(40)-C(41) -76.58(12) C(1X1)#1-O(1X)-C(1X)-C(2X) 177.7(5) 
C(31)-Si(1)-C(40)-C(41) 41.83(14) C(1X)#1-O(1X)-C(1X)-C(2X) -16(37) 
C(30)-Si(1)-C(40)-C(41) 167.24(11) C(1X1)#1-O(1X)-C(1X1)-C(2X1) 94(32) 
Zr(1)-Si(1)-C(40)-C(41) -73.77(11) C(1X)-O(1X)-C(1X1)-C(2X1) -3.1(5) 
N(1)-Si(1)-C(40)-Zr(1) -2.81(5) C(1X)#1-O(1X)-C(1X1)-C(2X1) 176.9(5) 
C(31)-Si(1)-C(40)-Zr(1) 115.60(7)   
 
